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PREFACE TO THE FIRST EDITION 


IS volume owes its existence to the needs of the comprehensive 
irse in biology initiated at the University of Chicago under the 
iw plan of college work. In attempting to select appropriate 
dings to accompany the writer’s lectures on the vertebrates 
d on the human body, it was found that existing works which 
equately covered these fields were in general too lengthy and 
technical for the limited time at our students* disposal. On 
le other hand, while well'Written accounts are available for many 
if the topics conridered, these failed to give any connected 
licture of the field of vertebrate and human evolution as a whole, 
the present work the writer has attempted to bridge this gap, 
give a brief but fairly comprehensive account of the evolution 
f the vertebrates and man with a minimum of technical minutiae, 
everal chapters on topics omitted in the course for lack of time 
t presented by other staff members have been included in order 
round out the treatment of the subject. 

The bulk of the work, including all sections to be used as 
[uiied readings, have been submitted to the committee in 
large of college work in biology for their approval, and many 
her friends have read and criticized various chapters, To all 
lese colleagues, Drs G. W. Bartelmez, Merle C. Coulter, Ralph 
Gerwd, Carl R, Moore, H. H. Newman, H. H. Strandskov, 
id Griffith Taylor, I am deeply grateful. 

The writer has been strongly infiuenced in his treatment of 
an races by the stimulating ideas of Dr Griffith Taylor; his 
lews as to racial evolution are expressed, with slight modffica- 
on, in the diagram showing the phylogeny of human races. 

I, The New York Zoological Society and the American Museum 
Natural History, New York, have most courteously allowed 
le the use of numerous illustrations of animal types. A megority 
if the restorations of fossil animals are from a series of murals ' 
the Field Museum of Natural History, Chicago, painted by * 
hailes R. Knight. I am much indebted to the D. Appleton - 
'entury Company for the use of a considerable number of 
lustrations from Snider ’s Earth History, published by them, ,^and 
the American Medical Association for similar borrowing 
Slmpk LemminMumm Amtomi i. : ' 
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Y ' THSE-PIRST EDITION ' 

:„ /^^ylpr. oftheUnivoraity ofO^lr?* ®artelraez J 

, „^laven and Harry r Curate 

■ N®tu^aIHrstor^?,ow|^°' American^ 
. Rochester; and ^ QeS uS 

ll‘L^il4tfm;Vtffia<;»we/;j ■' ' ■ ' Alfred Sherwood k| 

; :',._:iJ'ulyt9S3 ^ 

N ,: ■ . 

T*. -PJEIBF^ce.t ..'/jL 

this, boolr anoeareH • ” ^ 

. , , . ® tjie ajit.hor and (1 thinirt th ^f’^o^So courses in sc® 

r^«o«-pleased^utaS,?bif^^ felt sotnewhal 

:>. a volume rather off the ortho^ ° * worried, at having prod J 
. w^e soon stilted by the cordial re^7" ^®*tbooks. OiS 
trust, that it has served and ™ '’“ok receivST 

./Rpotion., However witli th» oontipue to serve a iiJ 

.of the; book, appeared the earlier eJ 



PtlEFACE TO THE THIRD EDITION te 

■chapters 17 and 18, etc. As wilt be noted, numerous changes have 
■been made in the illustrations. 

■ The material is so arranged that various selections of chapters 
■may be read to serve various aims. Giapters 1, 3, S, 9, and 14 
Ipr^ent the direct story of evolution from fish to man; chapters 
B 2 , 6-8, and 10-13 deal wi& various groups of fishw, birds, 

■ reptiles, and mammals which are of interest but riot closely 
related to human evolutioiL Chapter 4 gives an account of the 
frog. Chapters 15 and 16 deal with human origins and races; 
chapters 17-19 deal with the human body; and chapter 20 is a 
discussion of embryology based oil the development of man. 

’ In. the original edition I acknowledged my indebtedness to 
in^ friends and colleagues for help in the preparation of the 
book. Since that time, and particularly during the revision, many 
have offered aid, information, and useful suggestions, in^uding: 
Drs Ralph Buchsbaum, Merle C Coulter, and Haluf H. 

. Strandskov, of the University of Chicago; Dr E. A. Hooton, of 
Harvard University; Dr, J. H. McGregor, of Columbia Uni« 
'.yersity;, Dr Homer Sinitl^, of Bellevue Medical Colley, New 
Vork University; Dr Sherman C. Bishop, of the UnivOTslty of 1 
..BtoiAester; Dr Edgar L. Lazier, of the University of California 
at Los ^gples; and Dr Robert Broom, of the Transvaal 
Museum, Pretoria. I am much indebted to Dr Carleton S, Coon 
for a critical reading of the chapter On human races and to Or . 
Harol4 L> Moviiis for reading the section on cultural evolution. 

, l^iss Nelda Wright has aided greatly in the preparation of thd 
:itew ■edition.'' ^ 

. , y^nmeroiM'^^ Sre iuy obligations , to institutions and -ini 
■iH^wdiiab photog^hic piaterial. A large wimbeii' . ^ 

1;.^ ,pf (^e'lfrOip the file? pf the American Museunl df ' 

'^'1'. 'RiriM.' T a ' 1 ’ / ' 


.... , , . . .,-r Mjss: Janhette M. Lucas and, ^ 

tos DbtOth/Vin VHet were very helpftil in aiding mO iji 
jeleqtiph of material there. The officials of the New York Zdb- 
lolical Society Were , also liberal in allowing me to draw heavily' ^ 
oh their v^uable photographic material, I wish to thank also the . 
Genial Biological Supply House, Lie., Chicago, ap'd its seerdtaty, , 
Dr A. S. Windsor, for a number of photographs, indluding ajt , 

. interesting series qn FMopterm Di:. G. W. pf.'the ' 

.pertinent of,'Ahat&jiiy. of tfap tiniversity. of Chicago,:, 

■niltnrIi'A' ^ -1, . ' : i ‘.-j,’ ')■ , 

— .phs 
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Ty.' « TT -n 1 n' ““ **’6““ 

wr Cj. H. Parker, of Harvard (colour changes in catfish) - ]| 
Harold E. Edgwton, of Massachusetts Institute of TechnoIoJ 
' (stroboscopic pictures of humming bird and bat); Dr Horerid 
del. Lowto, of Barnard College (galagos); Dr .SherwoJ 
Washburn, of the College of Physicians and Surgeons, Columbl 
University (lor/j); Dr John E.' Fulton, of Yale UniversiJ 
;; (Tarm); Miss Belle J. Bendiley, of the Zoological Society J 
, ^ Diego (goriUas); Mr Harold J. Coolidge, Jr, of the MuseiJ 
qf Oimparative Zoology (gibbons); Dr R. M. Yerkes of yJ 

,J^niyer8ity (chimpanzees); Dr J. E McGregor, of ColumbP 
. .yjiversity (h™ 

:^I^G.G.hfe^dy(MtCteI);MrO.P. Pearson, ofH^ 
,i,,, /tey);MrS. D, Ripley, of, Harvard (spiny anteater,- Papuan)! 

'• Dr; A. 0. Gross, of Bowdnin r/^iWo Oima Dj jj ^ 

■ 'liol 


>:,,yicforE.Jokson,oftheUmveis^^^ 

I ’ Prepaiator George Nelson and Mr R. M. White til 
;; |^ard , paleontological photographs). Photopphs of raciif 
^ were procured from the files of the Department of 


Alfred Sherwood Ro: 


4 March 1941 



CHAPTER 1 

Vertebrate Beginnings: Life in the Water 

It has been said that ‘the proper study of mankind is man’.' 
This is, m a sense, true. But, taken literally, the statement leads 
to an extremely narrow intellectual outlook, fo understand the 
tnqanitig of any other natural phenomenon we try to place it in 
its proper setting, its relation to other phenomena in time and 
space; there is no reason to treat ourselves otherwise, Man does 
not live in a vacuum, has not come out of a void, A fact of prime 
Importance for an understanding of man is his position in the 
wotld of life; his relationship to otha- living things. 

■ Man is .a member of that series of living creatures known as 
the vertebrates, or animals with a backbone, a group including * 
hot only all the other warm-blooded htury creatures to which 
inan is closely allied but such varied forms as birds, reptiles, 
frogs and salamanders, and fishes. Their history is our history; 
rad we cannot properly^ understand man, his body, his mind, 
of his .activities, unless we understand his vertebrate ancestry,, 
ia the pages that follow we shall give a brief account of the back- 
boned snlmals^ including the main steps in the human evolu- 
tionary story, and conclude with a brief description of man’s 
body in the light of its history. 

, , i ^ - • ' I v 

EVIDENCES OF ANIMAL RELATIONSHIPS 
"In attempting to determine the mutual relatiorahips and lines of: ■ 
de^nt of rairiiajs, various types of evidence are available to us; 
,,the rhajohoiies ain those fhinished by coinparative anatomy, by < ; 
::e&biyolb^, ab4 by Paleontology. ' , . ; 

' JWe m^ cpmpwo toil contrast the anatoniical fea^ttiM of 
adult iiviiig aiiimais and from this study gain much infdfmabon 
. as to their degrees of relationship. The greater the number of 
fundamental structures which two animals have in common, and 
die greater the simiiarity in pattern of these common sbiictures, . 
the more closely do we believe these animals allied. • . . 

We must be ct^ful, however, to be . sure ..that, tjiestnictjuies 
we, compare a:;e jeaDy the same and not two di^rent oi^ pjjt 
. to the Bamh'VBeiiFohnxample, the. leg' of;a eat and the leg -of. 
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ins^ ^ both used for walking purposes. But structurally f 
are mtoly different (the skeleton of the cat's leg lies inside ff 
of^ insect outside), and it is obvious that the two cannor 
toaced to a coimon ancestral source but have evolved separatl^ 
an^ogous. On the other hand, the front lej 
uj^t, the am of a man, and the wing of a bird all sJ 
diflferat functions in life but have an essentiaUy similar stnuS 
many ^ny elements, muscles, and even nerves being comj 
to all. These real likenesses, termed 'homologies’, inriioa te tJ 

; l«n derimi Ite VMM fJ 

® “0‘J® Of investigatii 

of animal relationships. Such studies of this sort as havfb J 

; have afforded results of great interest. However uo tn 
present, much of the work of the physiologist has beL ol 
.'.'descriptive r^er than a comparative nature, and in consideralr 

ally have similar tvnes of ^ed forms gene 



brates, the developmental history of tentiipa i. i 
■ ttian than is the case with Sh« aSd?^ J 4 

, twaxm-blooded animals m pS’oTmo^S)!’®'" 

'i ' bf mvestigation ° samed from other Hij| 

^ «» uJ 

’ ^ paleontology, the study! 

' anatomy, studies of fimctiorS 

, , 1 .. W rocl^ laid, dovm in past ages of 
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I or nany fonns of life thia lecprd is none too satisfactory, 

It tissues are ia great measure soft structures which ate com- 
stively seldom fossilized, and, ahhou^ we have considerable • 
wledge of the evolution of various types of trees, much of the 
ihieal story cannot be confirmed hy direct fossil evidence, 
ong the animals lacking a backbone there are a number of 
ips'whi^ have Shells or other hard parts. Of these we have 
hdant records. But most of the impbrtant connecting links 
^ apparently soft-bodied creatures which are rarely preserved > 
ryasils. Further, the histoiy of many invertebrate groups has 
^ a vast stietdi of time, and the older rocks which should 
tain the early phapters of the mory have been lost from the 
h’S crust or so much modified by crushing or heating that ■ 
fossil story they once carried has been obliterated, 

^ith the backboned animals paleontological inquiry is much 
e frhitful,' for several reasons. Almost all vertebrates have 
Lskeletal.parts -- bones, amiour plates, or teeth r capable of 
Iliiation. Further, vertebrates are a comparatively modem 
Our, known history stretches back less than 500 million 
years. This (while a rather good stretch of time) is but the last . 

ofthe blown history of the earth, and for all this time, wo 
have aVaihible for study riumerous series of fossil-bearing 
.rbcfai 

Ihe study of fossils Is a comparatively new branch of know- 
led^. liis o|dy within the last century and ahalfthatfossitshave 
; generaUjI; recognized to be the actual remabs ofoncellvbt 
'^^dtores rather than beaks of nature of some kind. It was not 
i^tH the^ geheral acceptance of the evolutionary concept in the . 
of the last centmy that their importance as ancestors pf 
^|;^i.'ati:iimil8 '.was ieallz^ and a serious study of extbct foi^s 
fairly ’good outlbe of th,e, I'bw Of . 
portph of backboned animals, .but nobjs/ 
irj|bi^te^ ^pplcte., There are many gaps, many pe^leRiliiw, 
liitkwVibas'that we .shall never fill m every little dhi^.’in tWs: r 
' historical Stniqture, for it is quite improbable that we shall ever, ' 

. 'find the. remains of all the countless animals that have inhahitetl 
!^e earth.' But year by year new fossils come.to light which help 
fill-the blanks m om pMc; We have already progrm^;,far.tfi. 
.^our, study of the evolution- of vertebrate Ijife im^th^esi.and 
.vlS:nottQO-much to hope tbat,.in the.imt-too.distimt 
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may have a well-rounded picture of aU the main points in « 
past history of our vertebrate ancestors, : 

A brief mention of the type of work done by the student , 
fossils may not be amiss. The average museum visitor who »«' 
a mounted skeleton of an extinct animal has little idea of rt 
^at amount of work which lies behind this exhibit. Foa" 
b^ng roda of any particular age are exposed only in scatters 
distncte of the earth, and long trips are often necessary to S 
thern. Then, too. rocks must be not only present in ^gioS 
mus be expos^ at the surface. This means that most coUecS' 
must be done in treeless, grassless, sparsely settled, arid reeioJ 
^h as ae d^rts of Western America, those of Mongolia, orS 
Karroo of South Africa. ‘Bone-hunting' is not th^S 
wmfortablenf ocmpations; even in good deposits, fossils n2 
be very hard to find, and there may be many wUrv 
fruitless trampmg over barren rock before the collector fln^ i 
specimen worth excava ting , 

Then the work begins. If the find is of value, every niece mni 
be reinov^ wiA care and its position noted. Broken bScs S 
often bmdaged and plastered as carefully as a broken hi3 
leg, so that the fossil may not become irreparably shattered 
specimen is carefully packed to prevent dla^ on fts w S! 
badr to tta l^oratory. where work continuS m'SS 
r^di^ fte bones must be removed (often it is exSeliS 
hard), dl broken pieces cemented together and their positio?* 

Pardlel with the laboratory work on the skeleton goes in tln.'^ 
case of new or rare fops, the study of the bones Is thev 
prepared and the determination of the anatomv nP tu ^ ^ 

^tury ago it was thought that if (for exaiJS^T 

body of an animal built t a horte buT^^T ^ 

one could assume that the creature had missing. 
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phalicotheres, chapter 11) in reality had feet armed with huge 
paws with which to dig up roots. Paleontologists have become 
pmstened and more conservative. Parts of skeletons are restored 
h plaster in almost every fossil specimen, for few finds are 
rtsolutely complete; but, except for minor features, all work of 
lestoration is based on our knowledge of the bones concerned 
h other specimens of the same or closely related types. 

; The scientist as well as the lay reader is curious as to how 
these old animals would have appeared and acted when alive 
and in the flesh, and numerous life-restorations of fossil animals 
have been made; a considerable number of them are shown in 
the present work. 

! Some of the restorations which we see in illustrated magazines 
fate caricatures which never existed except in the artist’s imagina- 
tion; but many of the more carefully prepared restorations 
probably give us a fair approach to the actual appearance 
of the forms they portray. From the skeletons we get many clues 
as.to the posture of the body, the style of walking, the bulk and 
position of the muscles which give the major contours to the 

( body. Of the skin we know comparatively little, and in coloured 
restorations the pigment given the skin is a guess, although based 
whenever possible on the colours assumed by living relatives of 
the animal or forms which lead similar lives. 

THE GEOLOGIC TIME SCALE 
In order tp use our knowledge of fossil forms effectively we must 
. have some idea of the comparative times of their appearance and 
diWppearance as measured by the scale set up by the geologists. 
X very considerable portion of the scientific work done in the 
field of geology has been devoted to the study of the comparative 
age of the various layers, or strata, laid down in the seas or 
lowland regions of the wcftld in ancient days. On the basis of 
. these studies has been erected a series of subdivisions of world- 
history, an outline of which is givHi in the accompanying table. 
We cannot, of course, tell the exact length in ypars of any of the 
geological units, but the figures indicated are fairly good ‘guesses *. 

' based on subh data as the thickness of the rodks formed during 
any particular period of the earth’s history and the present degree 
.of decomposition of radioactive minerals laid down in them. The 
major subdivisions of the earth’s history ate known as ‘eras’. 
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These are divided into ‘periods’, which may be further subdivli 
mto epochs’. With this last type of division we shall be 
ramed only in our later study of mammalian evolution (( 

We shall have nothing to do with the first two of the five < 
ms m the known history of the earth, the Archeozoic 
ftoterozoic, for although there must have been much life in 
torm of plants and lower animals, our records of them are 
poor, and vertebrates are quite unknown. 

Our interest in this story begins in the third era. the Paleozo# 
or time of ancient life. Li the Cambrian, first period of thS 
^ost^l invertebrate groups abounded, but vertebrate w I 
still unknown. L, the following Ordovician period are fo» I 
rare fragments of vertebrates, and in the Silurian period we^me ‘ 

ssir 

diversified and abundant. Here too we meet with th* 

the oldet-known land dwellerra;:L7veSrIt Te? 

** Carboniferous period (often divided into tw 
periods, Mississippian and Pennsylvanian^ ”, 

ai, d^SXTZd 

are encountered. The Permian last nf th» tjoi • 

. teBd. ta .ISM 

story of reptilian diversification. wginmng oi ti« 

1?ieMMoroic era is often caUed the Age of Reptiles for it J 

had their origin in the Triassic At that tJm» 

<? • eompm.; 



vertebrate BBGINNINOS 7 


Synopsis of Major Divisions of Geologic History* 

Era 

Period 

Important Geologic Events 

Estimated 
Time since 
Besinning of 
Era or Period 
in millions 
of years 

CfiNOZOIC 

Ugo pf , , 
Mammals) 

Qualernary 

Glacial conditions^ followed by 
recent times 

I 

Ternary 

UTarnt climates, gradun/ly cooling. 
Cotttinentai areas mutnly free of 
seas. Continued growth of mofm^ 
tains, includitts Alps and Hlnta- 
tayas ^ 

55 

MESOZOIC 

iAge of 
Reptiles) 

Cretaceous . 


120 

Jurassic 

Much of continent lowfands near 
sea-levels 

155 


Triassic 

Widespread desert conditions 

190 


Permian 

Continued nmumatn-huttdtngi and 
variable vllmaies liwIiiilinK ari- 
dity aad perhafa glaciation 

215 

PALEOZOIC 

. (Age of 
Ancient Life) 

Carboniferous 

Lands low and warm with seas over 
much €tf continents, at the begin- 
ning. Coal swamps, from which 
the greatest of our coat depttsits 
come. Mountaln-buUding (award 
end 

300 

Devonian 

Still considerable portions of land 
below water; evidences of aridity 
on coittlnental areas 

350 


Silurian 

Much of hnd bch w the sea at first, 
follow^ by nmunialu-building 
• at the end 

390 



Great «u6nierge/tce of lands 

480 

• 

Cambrian 

Lowlands and mild climates. First 
abundantly fossfllferous i‘ocks 

550 

' PE-OTBROZOIC 

Great amounts qf setfiments in early part, /hfloweti 
' Vy great volcanic activity otnl a long perlotl of 
erosion. Little record oflife, although presumably 
most of the larger groups of ontmals alreatfy 
established 

925 

ARCHEOZOIC 

Great igneous activUyf and some deposit of sedl-^ 
merttSt followed by widespread erosion. Little 
record of life 

i,5007 


* IlifB tabic is arranged In the order in which the rocks of the diiferent ages are , 
fbund in tlte earth's crust, with the oldest at the bottom. 










































8 


MAN AND THE VERTEBRATES 


VERTEBRATE CHARACTERS i 

»• mw point out only . to ofa^o-^^'*'*?"- ^ 
p«rtta*rly tho«c .ho™ in a, ]„^er S^ "?S.1r®< 

.. ,h. j.Sh^t2z^”.r,i:2rr”“''«“4 

the coelenterate phylum and the starfi constituti£ 

their relatives (echindderins). the s21hfane“^ “I 

radial symmetry is charactprier.v ’.‘^^^^^nthomeofll 

to bottL „ a».1Z?'S.i vTaf^ ““ 

animals, however, are almost alwavaWi!^ ^ currents. Acti( 

•^Vtop^nh.nnnnri.tio’l.fvSS;™^^ 

ton found in vertebmtw liTi^w *T 

animal of any size haa nf t, ^ V characteristic. Almost eveij 
structure to stiffen its body ^one supportiii; 

skeleton is almost invSabiy^ f 

surface ofthe body, as in (for ^ i 

vertebrates we often find narH^ Am4 

more or less superficial armLr-^frt.^ among the lower typaji; 

structures are always internal Pv ^®™^"®’^PP°i'^msskeIeti 

translucent substance. True vJrtehSJf \ sofi^, 

vertebral column) a seS! vertebrates have a backbone (tg’ 
length of jointed structures running S 

lie betw^n the muscles^^of^e T* 'vhw 

skuU or other bony structoe 4 

brates (but riot all) have also a ?tpi l^ost vat^l 

(fish fins or land legs) nroieotiiifff “ two pairs of limK 

thecharacteristicSCoi;^^^ *»dy. With:i 

-sasamainnervetrunk.the^ri^ 
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^ne the back (dorsal) side of the body. (In other aninal 
^uBS where a nerve cord is developed it usually lies along the 
iderside. or the ventral side, of the animal and is a solid stru^ 
lie 1 At the front end of the spinal cord lies, in all vertebrates, the 
lain a complicated central switchboard for the nervous system. 
IaIi’ familiar Vertebrates have the same type of special sense 
i-Kans that we possess - nostrils, eyes, and ears. But even at that, 
ie may point out here, them are variations among primitive 
)fms. Nostrils were, at first, simple pockets lying near the frpnt 
[id of the head for detecting odours in the water and had 
Beinally no connexion with the interior of the mouth, as they 
[o in mm and all air-breathers. Well-developed paired eyes are 
)und in all vertebrate groups, but in addition there was present 
, primitive forms a third eye, the.pineal, opening on the top of 
Bie head This- has been reduced to a small organ concealed 
lithin the skull in most liviiig forms. Ears we think of as organs 
Ef heating; but our ears are also organs of equilibrium, and this 
Ivas quite probably their original function. Fish cm hear, but 
lonly through vibrations set up within their bodies, for th^ lack 
lexternal ears, eardrums, and all the mechanisms by which land 
animals receive and amplify sounds. The only portion of the ear 
which they have is the essential inner structures, a double serira 
' of liquid-filled sacs and canals lying within the braincase which 
mainly register the pose of the body and its movements. 

BREATHING ORGANS. While land vertebrates such as our- 
selves breath by means of lungs, primitive vertebrates were, ot 
course, water-living types, breathing by means of gills. Some type, 
bf gill is present even in many invertebrate foims. Only among 
,the vertebrates, hovveverj do we find a development of intemm 
gills. Water is taken into the throat, usually through the mouth. 
From there it passes out laterally through a number of pai^ 
slits or pouches in the sides of the throat to the surface again; 
ft is in these slits that oxygen is taken up by the blood stream from 
theiwater and carbon dioxide given off. Gills are absent as such 
|h highCT vertebrates, but as an embryo even man goes through 
a pha» in which the gill pouches are well developed. 

■ Biiopp SYSTEM . The blood channels, the circulatory system, 
bf vertebrates distinguish them from many invertbbrate groups- 
hi an ordinary (annelid) worm, for example, the blood passes 
forward along the dorsal (back) side of the body arid retuna on 
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the belly (ventral) side. But in vertebrates, quite the other 
the blood is collected through the veins into a pumping or 
the heart, on the underside of the chest, then passes forwaiS 
primitive water dweUers to the giUs, and, having been W 
in the gill membranes, flows backward to tlie body alono’i 
. upper side of the trunk. ^ | 

LOWER CHORDATES i 

AMPHIOXUS. The characters mentioned in the preceding seJ 
are Aose of a typical member of the vertebrate stock. If ho^ 
we draire to look into the origin of vertebrates, we’naturjil 
wish &st to descend the ladder of vertebrates as far as vTJ 
to d M single a form as possible to compare with lo^ 
anim^s^ome fishes are more primitive than others ; the lamnl 
and hagfishes (discussed somewhat later) lack such tynft* 
vertebrate s^ctures as jaws and paired limbs. But a far 
simp e form is theiittle ammal, the lancelot, usually known by d 
saentiic nama of Amphioxus. 

This is a small translucent creature found in shallow tronli 
swimming freely about, but spend! 

the, front end of the body projecting. Generally rare it is i 
co^on m the Amoy region of the Chinese coast that’it is J 

in bulk as food in the markets. mat it is sol 

Its general appearance is rather flshlilce, but in structure iti 

Sbf of®™"'® "o paired I 

i’ones or cartflages nSli 
even a backbone. There is nothing that can be called a bra’i*. f 

any ordinary sense of the term, no ears, no eyes (although nil 
“7 «Pot3 in the brain tube appear to be CSe toS 
md o^y a tiny pit which may be the rudiment of a nostril M 

tySa! verfe'Sm^ * 

of" 
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i a soft, rather jelly-like substance which in itself has no 
igth. But it is enclosed in a tough sheath, and the combination 
le two gives an excellent supporting rod, fairly firm but 
ble (a sausage has a somewhat comparable structure). The 
chord is absent or much reduced in most adult vertebrates . 
s present in the embryo of man and every other member of 
p-oup. With development, the joints of the backbone grow 
nd the site of the notochord and gradually replace it. 
dngly the notochord was the predecessor of the vertebral 
nn; the lanceiet shows the primitive condition, 
lother vertebrate feature of Amphioxus is the well-developed 
j cord running the length of the body above the notochord, 
a third good feature of resemblance is the presence of gills 
Le vertebrate type. Indeed, it would seem as if this simple 
creature were trying to emphasize this point of agreement, 
vhereas a normal vertebrate usually has but five or six gill 
ings, Amphioxus may have several dozen, 
le lanceiet is thus a relative of the vertebrates, a point 
resized, incidentally, by the fact that the young form (larva) 
c lamprey is Very similar to it in structure. But it is a much 
! primitive type than any vertebrate and, lacking a backbone* 
ot Very well be Included in that group. To express this 
ionsliip, naturalists have erected a major group, or phylum, 
le animal kingdom, known as the Chordata, or animals 
;ssing a notochofd. Of this phylum the vertebrates are the 
r subdivision, while Amphioxus and a few other ‘poor rela- 
' of the backboned animals make up several lower chordate ' 

ps. ' ' I • ' 

is not impossible that the lanceiet is fairly close to the 
itive types {torn which the vertebrates have arisen, although 
iving creature has some specialized features. 

I tuNicATES, The tunicates, or sea squirts, comprise a con- 
‘sid^able number of small inhabitants of modern seas. Perhaps ' 
the mosfgenetaliz^ pf the groups are the forms found as adults 
attacheci to rocks or, other, objects in shallow water. They are 
quite motionless and, in this respect, quite unlike the tjqjicilly 
active vertebrates ; nor is there any bodily appearance reminiscent 
of vertebrates; The sea squirt appears to ,be a nearly shapeless 
lump of matter enveloped in a tough leathery skin - the tunic 
which gives'its name to the p'oup. At the top of the animat is an 
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opening through which water is drawn in. Inside is a In 
barrel-shaped strainer through which the water passes to i 
out through a second opening at the side. Food particles in 
water are collected at the bottom of the straining device i 
pass into the stomach and intestines. In the adult tunicate th 
is very little nervous system of any sort, not to speak of a hi 
or spinal cord. Nor is there any trace of a notochord or t 
skeletal system. Nothing more unlike a typical chordate coll 
it would seem, be imagined. 

But examination of the straining barrel opens up a diffen 
conception of the tunicate's position in the animal world. 1 
animd not only strains its food with this structure but breath 
by means of it; it is, in reality, a very complicated chordate j 
system, the true throat of the animal. We have here one goi 
(Cordate character. And while that is the only resemblance I 
Amphioxus in the adult, the young tunicate rounds out tl 
picture. The larval form is rather like a tadpole in shape, wi( 
a large head region and a slim tail. In the tail is a well-developi 
notochord, and a typical dorsal nerve cord as well. The tunica 
starts life as a small free-swimming larva, fairly similar to tl 
lancelet in construction. Presently it becomes attached in tl| 
head region to the bottom; active life is abandoned, the ^ 
barrel expands, and the tail - and with it nerve cord and notix 
chord - disappears. ; ; 

, Seaningly the ancestral sea squirt was a typical priinith| 
chordate, but the modem forms have become highly specializw 
and degenerate, a proper subject from which a scientific parsdi 
might draw a moral lesson on the effect of slothfulness. | 

ACORN WORMS. Quite different, again, are the acorn wonilK 
These seashore burrowers are somewhat like the ordinary annelif 
worms in general appearance but have as characteristic structures 
a ‘collar’, in, front of which is a tough burrowing snout or pibi 
boscis, the two sometimes resembling an acorn in its cup (hence' 
the name). D^pite the wormlike appearance of these forips, 
their internal structure is quite different from that found in the 
aimelids. Strong proof that they are, on the other hand, related 
to the chordates is shown by the presence of numerous and 
typical gill slits. The nervous system is not highly developed,’ 
but there is a hollow dorsal nerve chord, in the collar region, and 
a small structure in the proboscis is thought to be a rudimentary. 
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Itochord. The acom worms ate assuredly far below the lanoelet 
lithe level of their organization but ate highly specialized and 
Dce not on the main line of vertebrate ascent. 

VERTEBRATE ANCESTRY 

lie animals discussed above are typical of the lower chordates, 
only dose living relatives of the vertebrates. Amp/iwxus 
to give us a fairly reliable picture of an early stage in 



B Tlio acorn worm, (From Neal and Rand» 

B Cov^parof/ve Anatomy) 

lertebrate development, but none of the forms mentioned has 
^ us to connect the vertebrates with any other lower animal 
^e. The main stock of the more advanced invertebrates lies 
i^mingly among the coelenterates, multicellular animals with 
adial symihetry, such as the corals, jellyfish, and sea anemones, 
worn them, or some form a bit more advanced, seem to have 
trisen two main lines of invertebrate evolution, one leading to 
he echinoderms, a second to the annelid worms, the molluscs, 
md the arthropods (or joint-limbed animals)j a great group 
ncluding insects, crustaceans, millipedes, and arachnids, among 
others. 

' Except for the molluscs, every phylum mentioned has been 
put forward for the role of vertebrate ancestors. Some suggest 
that the coelenterates have been the group from which the 
vertebrates sprang. This may weU have been true in the long run, 
^ce these lowly animals presumably were ancestral to all the 
higjia: types of life. , But may it not be that the vertebrates pro- 
gressed farther along one of the main lines leading upward from 
the basal stock before branching out on their own? Can we not 
some indications, of vertebrate connexions in one of the 
more advanced invertebrate groups? 

; ANNELID WORMS. The annelid Worms, which include hot 
only the, earthworm but a great variety of more highly developed 
marine types, have been advocated by some as our progenitors. 
There, are , a number of common features. The annelids are, 
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bilaterally symmetrical, as are vertebrates. They are segmenij 
each joint of their body repeating the structures of the one ahe 
and vertebrates too are segmented, at least as regards backb 
muscles, and nerves. 



A almpUaed famfly tree of (ho Invertebrate phyla. The cbordates, Including , 

the vertebrates, are probably akin to the ochlnodeimafelarBab, sea urebina, ' 

' e(c.)bat only distantly related to other groups, ' 

Annelid worms, too, have a nerve cord and a good blo^' 
system. But here we find marked differences from the vertebrate 
plan of structure. The nerve cord lies on the underside ratfiet 
than the upper side of the a nim al, and the blood flows in opposite 
directions flrom that in vertebrates along the two aspects of the 
body. But, as in the figure overpage, these differences may be 
rarrected if the position of the animal is reversed and the womi 
is assumed to have turned over to become a vertebrate. , 

, It may be that top and bottoixi mean little to a worm ; but the, 
reversal of position raises as many problems as it solves. We 
must, for example, close the old worm mouth and drill a new 
one through the former roof of the head, for in both worms and 
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backboned animals the mouth lies on the underside, beneath 
the brain. Then, again, where are, in the worm, the notochord 
and glU slits, those vertebrate structures to which even the lowest 
of chordates clung tenaciously? Their homolopes have bpn 
sought in annelids, but sought in vain. There is little positive 
evidence for belief in the origin of vertebrates from segmented 
worms. 

jd IS 


Annelid m 

Diagram to Dluatrate the supposed transformation of on annelid worm 
into a vertebrate. In normal position this represents the annelid with n 
•brain’ (s) at the front end and a nerve cord running along Iho under- 
side of the body. The mouth (m) 1* on the underside of the animal, the 
anus la) at the end of the tail; the blood stream (indicated by arrows) 

Bows flStword on the upper side of the body, back on the underside. 

Turn the book upside down 
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arachnids. The arthropods include among their numbers 
anmfl of the most highly organized of all invertebrates. It is 
not unreasonable to seek vertebrate ancestors in this phylum. 
The insects and crustaceans, most numerous of arthropods, have 
not been seriously considered in this connexion, nor have the 
centipedes and their relatives. A more worth-while case has 
been made out for tlie arachnids. 

These forms include not only the spiders, mites, and scorpions 
but also the horseshoe crab (Limulus) of the Atlantic coast and 
a number of old Paleozoic relatives of this last type, the euryp- 
terids, or water scorpions. The late Dr Patten, of Dartmouth 
College, devoted much of his life to the fascinating theory of 
vertebrate descent from the aradinid stock. The eurypterids, like 
other arthropods, were armoured types, with an external rather 
than an internal skeleton. But some of the early vertebrates were 
armoured too, as well as possessing deeper-lying skeletal struc- 
tures. The armour of the water scorpions resembled to a con- 
siderable extent that of some early vertebrates. May not armoured 
arachnids have given rise to armoured vertebrates? 
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But there are numerous objections. Where, for example, 
gone the numerous jointed legs in the water scorpion? TheieM 
no tr^ of them in vertebrates. Further, it is top of tM 
arachnid which is comparable with the top of the vertebratejf 
but in arachnids (as in worms) the nerve cord is on the imders%t 
We must turn the animal over, and this destroys most of tf 
tesemblanoe. The anatomy of some of the oldest and seemin^l 
most Gcorpiondlke vertebrates is now well known ; and them^V 
no features suggestive of arachnid relationship. Interesting '^1 
this theory is, it finds little positive support. ' ■ '% 

BCHiNODBRMS. The edhinod^ms - starfishes, sea urchh|i|,m 
sea lilies, and the fike - seem the most unpromising of all ^ 
potential ancestors of the vertebrates. They are radially synil 
metrical, in contrast to vertebrates; they have no int^iuil# 
skeleton, no trace of any of the three major chordate charactei|% 
of noto^ord, nenre cord, or gill slits; and have, too, manj^:« 

' peculiar and complicated organs of their own. At first sight one;! 
would be inclined not even to consider them. But here embryology 1 
, sheds an unexpected gleam of light. , v' f 

The early embryo of the echinoderm is a tiny creature, aln^';| 
at the edge of the range of vision of the naked eye, which floats ' , 
freely ini the sea water. Unlike the adult, the larva is bilaterally ' 
symmetrical, suggesting that the radial symmetry of the starfi^'; 
is a secondary affair, assumed when the ancestors Of these foiti^ r 
took up a aedentary existence. This renders a connexion with ^ 
Vibrates a bit more probable. Then, too, the type of devdop* ^ 
roent of certain, of the body cavities is identical with that founds 
in the embryos of some primitive vertebmtes. And both in api ! 

■ pearance and in basic structure the larvae of some ^inodeinrts' ' 
are so dose to the larva of the acorn worm that the worm lar^ii 
. Was long thought to pertain to some echinoderm type. 

Here; at last, are some positive facts, and frpm a quarter wh<m' 
one would least expect them. No one would thieve lhat man or,, 
any oth^ vibrate descended. &om a stari^. But the evidence 
from thelarvae strongly suggests that long ago, in. the dawn of thi,', 
world, ih^ «dst^ some type of small, bilaterally sjmmletricdi 
‘ animal bf very si^le structure possessing many of the feature 
' -of the larval echinoderm or worm but locking the speclali' 

. sations of either starfish or vertebrate groups, From these forms;, 
by .fiia assumption of radial symmetry and a ^sile mode of life^ . 
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i. the echinodertns. But from these foims, too, seem to have 
= arisen types which retained their original bilateral symmetry, and 
: which gained specialized breathing organs in the form of gill 
slits, better possibilities of motility with the development of a 
comparatively powerful musculature and a notochord for its 
support, and better nervous control of activity through the 
development of a dorsal nerve cord. From this line, we believe, 
ngiTiR the chordates and, finally, the true vertebrates. 

This discussion of the origin of vertebrates has been based 
solely on the comparative anatomy and embryology of the forms 
concerned. We have no fossil evidence to support the theory of 
vertebrate ancestry advocated here, since the early ancestors of 
the vertebrates presumably were soft-bodied forms, possessing 
no hard parts, and hence incapable of preservation under 
ordinary conditions. We have no certain fossil record of lower 
chordates or chordate ancestors and very possibly never shall 
have. The oldest ancestors of the vertebrates are unknown and 
may always remain unknown. 

PRIMITIVE VERTEBRATES - BACKBONE 

What marks the first stage in vertebrate evolution? What sort of 
creatures were our earliest backboned ancestors? 

LAMPREYS. A partial answer to these questions may be ob- 
tained from a consideration of the lampreys, which (with the 
related hagfishes) are the lowliest of living vertebrates. These 
forms, found in both fresh and salt waters, are in appearance 
rather elongate and eel-shaped but are far more primitive in 
structure than an eel or any ordinary fish type. There are no 
paired limbs or fins such as every ordinary fish possesses. Jaws 
are entirely lacking; there is only a round mouth (whence the 
term ‘cyclostomes’, often applied to these forms), which in 
lampreys is a cuplike sucking disc. These animals attach them- 
selves to higher fishes and exist by eating their flesh. A peculiar 
rasping tongue-like structure forms a substitute for jaws. Instead 
of , the normal pair of nostrils, there is but a single nasal opening 
situated at the tip of the snout or on the top of the head. 

Ihtemally, too, these forms are rather primitive and peculiar, 
they are far above the lancelet stage, for, in addition to the 
notochord, there are otlier skeletal parts of cartilage : a braincase, 
a highly developed set of gill bars Qf peculiar construction, and 
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the Vip.e'""^"B S 0^ a backbone. The brain is well developed, tad' 
for sense organs there is not only the single nostril noted aboVe 
"but rather rudimentary eyes and internal ears (although, lal, 
cidentally, where normal vertebrates have three semi-ciiculkr; 
canals forthesenseof balance, thecydostomeshavebut two.or one); 

These odd forms are obviously highly specialized in many 
respects but are definitely more primitive than any typical fishes' 
in two important features - the absence of jaws and the absence' 
of paired linibs. Here they seem certainly to represent a very low, 
stage in vertebrate.evolution. But the lamprey as such is obviously ■ 
not our ancestor. We must go farther in omr quest of a really, 
primitive vertebrate. . ■ 



OSTRAcbbERMS,. Here wo may for the flrat time avail om- ' 
:■ selves of the knowledge gained from the fossil record. Ih tho'" 

, second period, of, the Paleozoic era, the Ordovician, we find the 
first faint fraces of, the oldest known of oiir vertebrate, kinsmen ■ 

■ in the shape of Small fiakeS of bonC'in rock’ deposits apparently ’ 
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, formed in a shallow bay in an old sea that once covered much 
; of Colorado and other western states. It is probable that the 
oldest vertebrates were inhabitants of fresh waters, and most 
of the older rocks are marine deposits. Hence it is only when 
: (as in a case like this) remains were carried by rivers to the sea 
that we can obtain any record of the early presence of backboned 
animals, 

These oldest fragments, dating from a period in the earth’s 
history perhaps 450,000,000 years ago, are not well enough 
preserved to give us any idea of the nature or appearance of the 
forms from which they came. It is not until a whole period later, 
in the late Silurian, that we first find complete skulls and skeletons 
of these most ancient predecessors of man. 

And here we find ourselves in a quaint, bizarre world. These 
archaic vertebrates were water-living types, with fishlike bodies 
and tails. But, whereas modem fishes often have naked skins 
or are covered in many cases merely by thin scales or denticles, 
these ancient vertebrates were, one and all, armoured with thick 
plates of bone or bonellke material - scales over the trunk and 
tail, where motility for swimming was essential, and a solid layer 
of armour plates over the head region. This armoured condition 
has led to the frequent use of the term ‘ostracoderms’ (shell- 
skinned) for these oldest vertebmtes. In their general appearance 
they were quite unlike the lampreys and hagfishes, in which there 
is no armour, or indeed, bone of any sort. But when these fishes 
are more closely examined, it is seen that there are real resem- 
blances to the lampreys, indicating true relationship. Like the 
(yclostomes, these oldest vertebrates lacked any trace of jaws, 
the mouth being merely a small hole or crosswise slit; and there 
are no typical limbs or paired fins, with, at the most, a pair of 
flaps behind the head region or small spines at the sides of the 
body. Even in detail there are many resemblances between 
ostracoderms and cyclostomes. Many of these old fossils had, 
as in lampreys, a single nostril high up on top of the head, and 
the casts of such structures as brams and ears show that we are 
dealing with forms fundamentally similar to the lamprey type, 

Putting together the evidence from both living and fossil forms, 
it seems certain that the jawless and limbless condition is one 
to be expected in the oldest vertebrate types. Ostracoderms 
and lampreys represent the most primitive stage in vertebrate 
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evolution. But we have been loath to believe that the armoured 
ostracoderms were actual ancestors of later types ; it has beei- 
' Msiimed that the true ancestors of later vertebrates were soft^ 

1 bodies forms which might have escaped preservation and that Ehi, 



Upper and lower surfiseei.or the hesd In e Paleozoic armopred Jawless ' 
vertebrate (Ctphalmpls, abolK) and a modem, degenerate type, the 
' ^ lamprey (Ae/ow).' In both the nostril Is a slnglo opening on the top of the 
'' ' ■ head,'Beh(Eid'thejlpstriJiBB median eye (the Pineal) between the paired.. 

. eyes. On the underside the ancient type had but a smlll mouth which . 

' appears to have sacked In nutrltlye material which was strained out In 
Is passage' to. the round gill openings at the side ot the thronti In the 
' Ismpr^i with Its camivoroos habits, a large sucklnS mouth has developed, 

'f ' mth a toothed rasping ‘tongue* lnltseentre(the gill ppeningsl not shown, 
were finther back on the sides of the throat). (CapAabrpb after Stensid; 
lamprey Iroui Normani id I/Iuewy o/ir/jAas) 

ostracoderms Were merely an abrarwt group having no^mg to do 
. with the line of descent of higher fishes or land forms. 

.Recent work, however, has teud^ strongly to show that some, 
of, ostracoderms'^^ probably are ei^dingly close to the line 
'••if,: of descent of both cyclostomes and higher &hes. Bone, in the 
'shape ojf both surface arihour and internal skeletal parts, seemS' 
, ’ .to be an extreindy old vettebrate character. It i^ probable that 
- m^ v^ebrates now lacking such structures ^'degenerate. 
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lather than primitive. We know, for example, that such a fish 
as a sturgeon, with hardly a bone in its body, has descended from 
{forms with a well-ossified skeleton, and it is highly probable that 
jbther modern forms which have no bones, such as lampreys and 
fsharks, are in reality degenerate rather than primitive types, 
lArmour was probably a character common to the ancestors of 
lall vertebrates, and the ostracoderms are really, an ancestral 
group. 

VERTEBRATES VERSUS WATER SCORPIONS. But why 

[should the early vertebrates have been armoured? An answer 
may perhaps be found by considering their habitat. These oldest 
of backboned animals were mainly fiat-bodied, comparatively 
sluggish types whose lives appear to have been spent along the 
muddy bottoms of fresh-water ponds and streams. The absence 
of jaws prevented them from becoming predatory types, and the 
only mode of existence open to them was that of grubbers in the 
mud. 





Some of the most ancient of known vertebrates. Above, Birkenia; centre, 
Cephataspb; below, Pteraspb. These three grotesque lillle fish were jawless 
mud-grubbers in Silurian streams. (After Stetson, Goodrich, and Hciat^ 

The only reasonable suggestion as to the presence of armour 
is that it was for protection against enemies. But what eaiemies 
had they 7 Most of the larger invertebrates which one would think 
of, such as the ancient cephaloped relatives of the squids and 
octopuses and the larger crustaceans, were marine forms, living in 
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quite a diffefent environment from that of our stream»dvJ 
. ancestors. We do, however, find that there was one conspicJ 
group of invertebrates of Paleozoic days which inhabited^ 
fresh waters. These were the eurypterids, or water scottf 
mentioned before; indeed the two groups are often found ihij 
same deposits and must have dwelt together. These old aracb 
were, on the average, much larger than the ostracoderms. ' 

’ oldest vertebra^t*! w.-ere seldom more than six inches toi tii| 

: long Aiii'e eiiiv;iicriJs wj.e, on the average, much larger -soi 
nearly a dozen feet in length - and were obviously carnivoi^ 

. fdrjms with biting mouth parts. Apart from vertebrates, 
are few animals in these ancient deposits which we can ima^ 
to have afforded a food supply for the old eurypterids ; and 
' from the water scorpions we know of no enemies against vi'q 
' Vertebrates needed defence. 

Later vertebrates tended to increase in size, became fasji 
swimming types, and inany fishes migrated into salt watrais wil 
they were comparatively free from attack. Correlated with tbd 
developnjehts we find, in the fossil records, that the water “ 
pions dwindled jin importance and disappeared. The 
vertebrates, freed by their progressive development, tended Is 
great measure to lose their armour. Portions of it, howevqjj 
, survive in even the higheist formsMn our own case we have'dii 
vbony sc^es or other superficial armament. But the greater pii 
i of the, bones of our head are dermal elements, covered, it is t^ 
with thick, skin snd some muscle but still comparatively sup^ 
ficial in position. t ! 


SKARfeLIKE FISHES - DEVELO.PMENT OF 
' , JAWS. AND LIMBS ■ 

To .rpaA the evolutionary stage of typical fishes, two gre^ 

. 'advances must be made over the structural plan of the ostrats^ 
\' ,dpmis , or, lampreys, in the development pf biting jaws and'dl 
, .Ohty. with the .evplutiqn of jaws and teeth coull 

■'i' .TOtlebrates, leave the' , bottom, where food .debris accumulattjiii 
,.^d‘ ibecome, predacious types, preying on larger Uving thid^, 
.1,^ YSth ^e dw^pmentbf this ne^ nibde of hfe, faster 
i for itfie .pursuit of prey became, necessarj . aiui r. o>-: i;iie .i-'c; 
,,have,^^' to: .te'.flatfened types. and hive, developed rounder 
. bodies with;a torpedo-pe, iteamline construction. ; ■.( 
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t JAWS. The origin of the jaws is readily surmised by a study of 
|he skeleton of the sharks. There are, in every primitive verte- 
skeletal bars lying on either side of the throat between the 


I 







Cladoselaehe, a fiiat-Bwbnmlng, sharlcUke Osh with broad-baaed paired 
Sns. (After Dean) 


■ gill openings. These have two principal parts - upper and lower. 
;,The jaws lie in line with these elements and, like them, are com- 
r posed of upper and lower parts, with a joint between. It appears 
> highly probable that the jaws are merely a front pair of gill bars 
; which have enlarged, have rotated their free’ ends forward, and 
; have been pressed into service to perform a new function. 


In our own head and that of all 
higher forms the upper jaw is fused 
to the skull. In sharia, however, the 
upper jaw is usually still a separate 
element which is only loosely attached 
to the skull. A detail of construction 
which we may note here because of 
its future importance is the fact that 
the main upper joint (hyomandibular) 
of the arch just behind the jaws is 
utilized to prop the jaw joint against 
the side of the braincase. 

The origin of the jaws is fairly 
obvious in a modem shark, but even 
more so in Cladoselaehe^ an ancient 
Devonian shark which had already 
become an active salt-water dweller. 

' Frequent finds of this form have been 
made in concretions in the deposits 
tom the ancient seas which' once 
. covered the Cleveland (Ohio) region 
and have revealed not only skeletal 
structure but even such details, as 
miiscle fibres and kidney tubules. In 



ClaitmeUiclie to show tho ventral 
parts of the gill bare and the Jaws, 
seemingly bomoloBoaswitb them. 
The position of the noetrite 
(dotted llnea) and orbita may be 
seen; teeth ore in position along 
the jaws. (From DeaiO 
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Cladosehche the jaws seem obviously in series with the gill bajslii 
hind them. Here, too, we gain a clue as to the origin of teeth. H 
ddn of sharks and other primitive fishes contains small poihte 
structures, or denticles, which give it a sandpape^like textun; 
these are essentially similar to teeth in structure. In Cladosek^ 
die teeth which line the jaws are similar in appearance to thett 
daiitieles, and it is probable that teeth are merely denticles whkk 
lay in the skin along the mouth margins and have become ei. 
larged and used in a new way. 

LIMBS. The main source of movement of a shark or an; 
typical fish is by sideways undulations of the body and tail, 
which press the water back and the fish forward. Steerlng u 
aided by the various fins. In all vertebrates, even the jawlea 
forms, median fins, lying along the midline of the body - dorsals, 

anal - help in steering, and 
the caudal fin (also median) 
is a major propulsive organ, 
The paired fins, correspond- 
ing to our arms and legs, 
first typically appear in the 
jaw-bearing fishes as acces- 
sory steering organs. In most 
fishes the paired fins have a 
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Diagram to ahow tha situation of tbe fms in 
Balias. The dorsal, caudal, and analflos all lie 
In eie ^dUne; the pectoral and pelvic fins, 
however, are paired strnctures comparable 
with OUT arms and lags. 


narrow base; in Clados^ 
bche, however, th^ ate very broad at the body end and similar in 
structure to the fins of the back. This suggests that they have, like ' 
the mediim fibns, developed as simple flaps from the body . In an old 
bottom^dwelling ostracoderm, motion was presumably all in a 
horizontal plane, and vertical median fins were all that were neces- 
sary for steering and turning. But with an active life off bottom, 
rolling motions became possible and had to be controlled. The 
paired fins were to become structures of supreme importance In 
later vertebrates ; but In Cladoselache and o^er early fishes these 
limbs seem to have been merely stabilizing rudders. 

EARLY SHARKLIKE FORMS. The oldest jawed vertebrates, 
ancient ancestors of the sharks and higher groups, appeared by 
the end’ of the Silurian and the beginning of the Devonian at a 
. time when the ostracoderms were still abundant. The jawed 
fishes of this early day were, without exception, armoured and 
had not began the Skeletal regression characteristic of sharks. 
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A primitive 'spiny shark’ (Cllouilius), representlns the oldest and roost 
primitive staeo in the evolution of lavred vertebrates. These littlo fishes, 
only a fhw Inches long, appeared In the Silurian and were abundant in the 
early Devonian. Jaw were present but in a primitive condition. LIrobs 
have appeared as paired fins supported by stout spines but were variable 
in development! the form shown sports five extra pairs. (Modified from 
Traquair) 

Jaws were still in the ‘experimental stage’ and were sometimes 
but feebly developed, sometimes quite aberrant in nature. Paired 
fins too, were quite variable. Most characteristic of these ancient 
jaw^ fishes were the spiny sharks (Acanthodians). These were 
i still river dwellers and were still well armoured, covered with 
' scales and plates of bonelike material. Each fin had a stout spine 
as a cutwater (fin spines, however, are not infrequent in living 
sharks). An interesting feature of the spiny sharks is that there 
was considerable variation in the number of paired fins. Some 
had merely pectoral (‘chest’) and pelvic (‘hip’) fins, correspond- 
ing to our own arms and legs. In others, however, there were as 



RcBtoratlon of PInIchihy), giant Devonian arthiodire with a length of. 
perhaps 30 ieet. It Is here shown pursuing the contemporary abarl^ 
Cludcaebcfis. (Rrom BelaU) 
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many as six or seven pairs of these appendages. Seem ing ly tin 
old vertebrates had, so to speak, not quite ‘decided’ how’mai 
pars of appendages were of the greatest utility, and only k 
did they settle down to the orthodox two pairs. 

arthrodires. Apeculiar aide branch of the primitivesW 
like forms is that of the extinct ‘joint-necked’ fishes (arthrodim 
of the Devonian. These types seem to have strayed off tire mi 
line of fish evolution at such an early stage that even the presei 

was long d J 

mnichthys, best known of the arthrodires, had by the end of tl2 
Devonian become a giant marine form, with an estimated W 



^ f * DMdHhy,. Tho brad and 

T *“'* '’y "’“™ of o pair of Joints 

f 5 “*■ «e*0" ooverod below ^ 

taoad pints which appears slander as seen In side view. The armoured 
region was about lOi feet long, (After Heinte) ormoured 

lOTgth Of twenty-six feet, and some related types were ew 

Sw rf ^ was generally nakea 

arthiodires, but on the front half of the trunk the orighialS 

WM retained and elaborated. The head and chest portionsTi 
armow were separately constructed but connected at either side 

of Se to which the nanfe^ 

of the group refers. There were massive jawlike sfructures S 

and his relatives were seemingly 
neatest of carnivores in the ancient seas. These jaws hoS; 
^ thought to have operated in a peculiar fashion While any 
o^ a^ opens and closes its mouth bTioS S 
raising the lower jaw, it is believed that the arthrodiresStS 
lower jaws stationary and raised and 


developmpm,. , luwcrea ineir neads instead : 
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Paleozoic, the vast majority oftheseforms tended rapidly towards 

a marine existence and also tended rapidly to shed the ancestral 
armour. Cladoselache was far along in this evolutionary process, 
and in the Carboniferous there appeared the first representatives 
: of the modern shark order. For several periods these forms were 
none too common, perhaps because of the rarity of suitable food 
for flesh-eaters in the ancient seas. Later there occurred a vast 
; migration of bony fishes into the seas. These higher fishes have 
been the main source of food supply of the sharks from that 
time to this, and in the late Mesozoic and Tertiary shark types 
have been a conspicuous element, although not numerically a 
large one, in marine faunas. Living sharks range in size from the 
gigantic (bu^ harmless) ‘ whale shark’ of tropical seas to the small 
dogfishes abundant in coastal waters. v j * 

Once sharks had gone to sea, a possible source of abundant 
food for them lay in the great wealth of marine invertebrates, 
particularly the molluscs. Some members of the group became 
adapted for a mollusc-eating mode of life at an early date m 
shark history, but the skates and rays, living members of the 
shark group which live on shell food, are a comparatively modern 
development. The ray’s mouth is filled with a pavement of power- 
ful teeth for crushing purposes. Molluscan food is, of course, 
found on the floor of the ocean, and in correlation with this fact 
we find that in skates and rays there has been a secondary flatten- 
ing of the body for bottom-dweliing. The pectoral fins have 
enlarged to form huge flaps at the side of the body and in some 
cases meet each other in front of the head, The tail has been 
reduced to a mere whiplash which in sting rays bears a poisonous 
spike. Another type of defensive weapon is found in the tor- 
pedoes, a ray type in which peculiarly modified muscles give off 
energy not in the form of muscular- movement but as electricity. 
( Simi lar shocking devices are found in certain catfishes, eels, 
and even, apparently, in one of the oldest of ostracoderm types.) 

An odd side branch of the shark family is that of the chimaeras, 
the ratfish and relatives. These are comparatively rare deep-sea 
farms of peculiar appearance, with a small mouth containing 
stout tooth plates capable of dealing with hard food; squids 
; apparently are a staple in their diet. 

With these grotesque types we end our excursions among the 
lower aharklike fishes. They have not, on the whole, proved a 
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success; many types are quite extinct, and the surviving gro™ 
constitute but a small percentage of living fishes. 


HIGHER FISHES - THE SKELETON PROGRESSES 
LUNGS BEGIN 

Much more important have been the higher bony fishes whi( 
constitute the vast m^ority of the world’s present fish populatii 
and have occupied this commanding position since the lai 
Paleozoic. 

BONE. The term ‘bony fishes’ (Osteichthyes), which is applie 
to these typ«, is not an altogether fortunate one, for, as we haJ 
seen, bone is an exceedingly ancient character in vertebrate* 
But it will serve to distinguish them from the degenerate lamprej 
and sharks of today, in which bone has been entirely lost. It i 
only in the bony fishes and the land forms descended from to 
that this hard skeletal material has been efficiently and na 
manently used. 


The bony fishes appeared in the Devonian, the Age of Fishs 
and almost immediately rose to a position of prominenceS 
fresh waters. In ancient bony fish the body was completely' 
enclosed in bony scales, the head and shoulders covered witli' 
stout, bony plates. The top and sides of the skull were covered 
by bones supeiflcially placed in the skin (dermal bones), and 
further plates protected the gill region, the shoulders, the throat 
tmd the lower Jaws. Still others were formed in the skin lininj 
the mouth, fusing the old upper jaws to the skull and supplanting 
them for the most part. Other bony elements tended in greal 
mrasure to replace the shark cartilages not only in the braincas 
but m the body and limb skeleton as well. It is of interest that 
the patt^ of bones laid down in these old fishes may be traced, 
with modifications, into almost every later and higher vertebrat 
pype. Almost every element of the human skull can, for example, 
be directly compared with a corresponding elenient in the sku! 
of these ancimt bony fishes. Higher forms have often lost oid 
bonesi but only rarely have new ones been added. 

LUNGS. A still more characteristic feature of bony fish appear. 

development in them of lungs or lunglike 
of lungs as attributes of land animals, 

^ “^”8 bony fishes, func 

tioning lungs are stiU present today, and there is strou; 
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levidence suggesting their universal presence in the oldest bony 

^!ae reason for this development of lungs may be found through 
a consideration of probable Devonian climatic conditions. The 
Age of Fishes was, it is believed, a time of violent alternations of 
seasons; much as in certain regions of the tropics today, there 
were rainy seasons alternating with times of severe drou^t. 
K the streams and ponds in which the oldest fishes were living 
tended to dry up, the water would become stagnant and foul. 



/S. SrImIViv* fi* •“"B 

The evqlutloa of lungs and swim bladder. Lungs appear to have been 
present in early bony Ashes as simple paired sacs opening out from tlio 
underside oT the throat. In land Torins these have persisted but with 
improved effielency, owing to foldings of the internal walls of the lungs. 

In most Ashes, however, the strueture has been much modlAed. The sac 
and Its opeouig have shlAed to the top of the throat, und the sac serves 
not es a lung but as a hydrostatic organ, the air bladder. These evolutionary 
stages are diagrammed above. In each case there Is shown n section across 
' the body arid a longitudinal section of gut and lung to show the changes 
la theli relative position. (Baaed on a Agure by Dean) 

: lacking the necessary oxygen for water breathing. Such con- 
1 ditions would militate strongly against sharks and other lungless 
I fishes. But if some sort of membranous lung sac were developed 
in the throat, a fish in such a pool could come to the surface, 
gulp down air; and breathe atmospheric oxygen in default of 
' oxygen in its native waters. 

The primitive lung appears to have been a double sac lying on 
, the undersideof the chest region of these fishes. This is essentially 
I the type which has been retained and developed in land animals 
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and Is foimd today among a few tropical fishes which ltw;| 
regions subject to seasonal drought. But in most later fishes H 
original lung structure has been much modified. It is obvU 
that a lung on the underside of the body renders an aniS 
floating in the water top-heavy, and in most living forms 
sac has been shifted so that it lies above instead of under ill 
throat. I 

Further, in times beyond the Devonian, climatic con ditiij 
appear to have been less fiiretuating and the lung pf compi^ 
tively little importance as a feature of survival value. This sJ 
has in most modern fishes ceased to function in breathing hi 
has been turned to a new use. By filling the sac with air, orwij 
gas secreted in its lining, specific gravity is reduced, and thefil 
tends to rise in the water; upon emptying it the fish tends I 
sink. The old lung has become a hydrostatic organ, analogog 
to the ballast tanks of a submarine. 

FISH ANCESTORS OF LAND VERTEBRATES 

At the very beginning of their history the bony fishes had divide 
into two groups. One, that of the ray-finned fishes, or Actini 
pteiygii, will be treated in a separate chapter. The second groui 
that of the Choanicbthyes, or fishes with internal nostrils, m 
■ be discussed here. These forms have not, as fishes, been a succes 
but they are of immense evolutionary importance as the stoc 
from which all land vertebrates have arisen. 

, The Choanichthyes in turn are divisible into two ordm - di 
lungfish, or Dipnoi, and the lobe-finned fishes, the Crosw 
pterygii, both almost extinct at the present tiine. Although th 
crossopterygians are actually closer to the line of ascent, we shs 
first describe the lvmgfish, since their living representatives sho 
many of the traits expected in the fish ancestors of land formi 
LUNOFiSH. The Dipnoi include today but three forms, oji 
of which is present in each of the three southern continent 
One is found in rivers in the interior of Australia, a second i 
the upper part of the Nile Basin of Africa, and a third in Soiii 
America i^abits the swampy region of the Gran Chaco, ove 
which the Bolivians and Paraguayans waged war a few yeanj 
ago. It is of interest that these are regions subject to seasonal 
drought and hence are habitats in which lungs may faes lugitils| 
useful: The lungfish group derives its popular name from tlii{ 
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presence of these organs; apart from two archaic ray-flnned 
forms (mentioned later) which dwell under comparable con- 
ditions, they ate the only living fishes which have retained 
functional 1»Ti g s . Lungs are so vital a part of lungfish economy 
that they are apparently necessary for normal life as well as 



The evolution of the lunsSsh; a series of fossils and llvlne fomis showinB 
changes In general proportions and fin structure. A, the earliest fossil 
lungfish (Dipisrus). The median flns are all separate, and the tail tills 
strongly upward; the whole appearance Is slroUar to that seen in the 
related lobe-finned fishes, S, a somewhat later fossil type {Scaumenacia); 
the flns an tending to coocentrate at the back end of the body. C, the 
living Australian lungfish (Eplceratodus)', the tail is straight, and the 
median fins have fbsed into a single structure. D, the African lungfish 
(Prolopterus), and E, the South Amerlenn form (Lepldoslnn), show a 
tiansformatlon Into on eel-like shape and reduction of the paired fins. 
(4, after Traquair; E, after Hussakof; C- E, from Norman, A HIpiory 
(^Fishes) 


32 MAN AND THE VERTEBRATES 

during drought. An American scientist, Homer Smith, in 11 
book Kamngo, tells how for a long time his efforts to ke^' 
African lungfish alive failed because he thoughtlessly kept then 
in shallow tubs of water. Under such conditions they van 
unable to tilt their bodies sufficiently to get the nostrils abovt 
water to take in air ; the poor fish had drowned. 

In most fishes the nostrils are merely pouches, containlii 
water, in which the olfactory sense functions. In the lungfisb, 
however, the jaw construction has been so modified that theni 
is an opening from the nasal sac to the inside of the mouth il 
well as to the exterior. This opening is useful in allowing thi 
fish to breathe air at the surface without opening the mouti 



A, B, the undsiiilde of the head Is a shark and In a lobs-iinncd Bsh to 
.show tbs development of the Internal nostrils by sforwerd growth of tbs 
. laws into the noslrU legiooi C, D, the seme heads sectioned In aide view. 

In the shark the nasal pockets lie In flront of the mouth ; a forvnird growth 
of the jaws to the extent iddlcaled by the dotted Una would bring one of ' . 
the nasal openings Into the mouth cavity. 

and thus ‘shipping water’. Internal nostrils of this sort are present 
in all land vertebrates but are found in fish only in the luhg&sb 
and their ccossopteryglan cousins. These openings are technically 
teamed the chdanae, and it is from this characteristic feature that 
name applied to such fishes is derived. 

' . Apart from nostrils, lungfishes and their lobe-finned relatives 
have many common features which show that together they 
form a natural group. The modem lungfishes tend to be ratbaf 
elongated and eel-like in proportions but, as our figures indicate, 
the fossil record shows ^at this is a modem tendency and that 
■in early days crossopterygians and lungfish were very similar 
iii build. Of known cominon features we will here dte merely; 
t^e significant fact t^b in both groups the paired fins have; 
prpininent fleshy lobes ; they contrast strongly with those of thji 
actinopt^glans, which are supported only by homy rays. ; ' 

\ ' ' ' ' ‘ t’ 
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Xhe soft anatomy of the lungfishes reveal many stmchires in 
the nervous system, blood vessels, etc., which are highly com-, 
parable to those found in primitive land dwellers, and in the 
early stages of their development a lungfish and a frog show 
almost identical conditions. Lungfishes are thus close to the 
ancestry of land animals. But there are certain specializations 
which show that they are slightly off the direct line. The lungfish 
are eaters of small molluscs; their jaws are peculiarly modified 
for this diet, and the specialized teeth are fused into fan-shaped 
crushing plates. The lungfish are, so to speak, not the ancestors 
but the uncles of land dwellers. 

CROSSOPTERYGIANS. The lobe-finncd fishes, or crossop- 
terygians, are the group which we believe to have included these 
ancestors. Lobefins were abundant in the Devonian, like 
the related lungfish; in later periods, however, they dwindled 
rapidly, and no typical member of the group survived the end 
of the Paleozoic. In consequence, our knowledge of them is more 
restricted than is the case with the lungfish. From the fossils 
we can gather much information about other organ systems ns 
well as the skeleton, and we feel confident that in the older 
lobefins there were present many of the features, such as Internal 
nostrils, lungs, etc., in which the lungfish resemble land types. 
The old crossopterygians had avoided the specialized diet and 
related dental peculiarities of the lungfish, and in almost every 
respect the skeleton can be closely compared with that of 
primitive amphibians. These fish lack typical legs, of course. 
But their fins are of exactly the sort one would expect to find in 
an ancestor of the amphibians. As in lungfish, the fins contain a 
fleshy lobe, within which are bony skeletal supports. Of these 
bones only one attaches to the shoulder skeleton. At its far end 
are found two elements forming a second fin joint, while beyond 
this there is an irregular branching series of bones. This is a 
pattern basically comparable to that of the leg of a land animal. 

Typical lobe^s were fresh-water fishes which, as we have 
said, early became extinct. Much longer-lived were members of 
a side branch of the lobefins termed the coelacanths. These early 
migrated into tlie seas and became rather spedalized, short- 
bodied, marine forms, specimens of which have been found iii 
various deposits up to the end of the Mesozoic, some fifty-five 
millions of years ago. No later fossil remains are known. Thus 
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one has tended to state with emphasis that the crossopterygin 
are a group entirely extinct. 

In 1939 a commercial fisherman hauling his nets off Eai 
London, South Africa, brought up a type of fish he had 



Typical Devonian crosaopieryaiana, or lobe-flnoed Gshn, closely related 
to the ancestry of land animals. Abort, Holopiychlus, a form Which is 
closely comparable In general contours to early lungflsb seen on p 31 

Ee/oia.Ojieo/epij. (From Traquair and Smith Woodward) ' ’ 
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seen before - a big, deep-bodied, five-foot fish with large, bluish 
scales. He brought it ashore as a curiosity, and, since its oily 
body was decaying, it was skinned, stuffed, and mounted. When 
a zoologist from a near-by college was consulted, he received 
a surprise which would have been little greater had he seen a 
dinosaur walking down the street. For this unknown was a 
coelacanth. a lobefin belonging to a group supposedly extinct 
since the days of the dinosaurs. 



A fossil coelacanth. The eoelncnnths are crossopterydens, related to the 
ancestors of the land vertebrates. They have been long known as fossil 
forms, and the old figure shown here was based on material from Mesozoic 
rocks. That the restoration was essentially correct is proved by the 
discovery of a living coelncnnth shown on plate 10. (From Trnquoir) 

Presumably there are more of these fishes in the deeper seas 
off South Africa, but the international situation has thus far 
prevented the intensive search for them that would have been 
tindertaken in more peaceful times.* We have noted that the 
coelacanths had taken to the ocean; this last survivor may be 
a deep-sea type, living normally at depths below those at which 
most fishing operations are carried out. It is, of course, a mis- 
fortune that most of the contents of head and body were des- 
troyed in mounting the specimen. But we may comfort ourselves 
when we consider that in its habitat this fish had departed widely 
from that of its primitive ancestors and that its structures and 
functions, when known, will probably show highly specialized 
rather than primitive conditions. 

* Since these words were written a second coelacanth was taken near 
the Comoro Islands in 1932, and was preserved in good condition for 
scientific deamination, which is now in progress. [Ed.] 
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Modem Fishes 
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While the crossopterygiana and lungfishes have been ofimj 
Importance as ancestors of higher vertebrates, they havephji 
but a minor role in the drama offish history. Here the importii 
roles have been played by members of the other major gipi 
of bony fishes - the Actinopterygii, or ray-finned fish. 

As has been indicated, the group derives its name fromi! 
structure of the paired fins. Exceptional cases apart, these s 
composed only of a web of skin supported by homy rays, pie 
and bone do not invade the fin to any extent and are confined! 
its base alone. There are, however, many other differeiia 
between these, forms and their cousins, the Choanichthy# 
including marked differences in the structure of the scale 
ril ffarpnf patterns of the bones of the head, lack of intenii 
nostrils, etc. 

What the factors are that have been responsible for the suoa 
of the poup it is difficult to say. One Item of interest has t0( 
I with sense organs. Like most vertebrates, the Choanichtli} 
appear to have been largely dependent on the sense of smell I 
tjieir knowledge of the external world, and the eyes were i 
markedly developed. In the ray-finned group the olfacb 
- organs are present but relatively unimportant. The eyes, oni 
other hand, tend to be large and apparently are the domini 
sense or^ns ; this contrast is reflected in the brain organizati 
;^e3 inay thus have been important in actinopteiygian histoiy 
The air bladder, too, may have played a part in their suco 
Only the most primitive of rayfins retained a lung. In this gn 
alone is found the transformation of this structure into an 
, bladder, a hydrostatic organ which, as suggested in the 
. chapter, may have proved of great utility, particularly in 
seas which, have been the home of most later actinopteiygi 
Still more important in the rise of the rayfins may have I 
. the mere force of numbers. In other groups of fishes there i 
, to be but relatively few eggs laid - from a few dozen to a 
' hundreds. Here, howevCT, the eggs, although mall in size, 
number thousands or eVen millions for every female. Other 
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such, as the Choanichthyes, may have gone in for conservation 
of the individual, laying fewer eggs, furnished with a more 
abundant food supply of yolk. On the other hand, quantity 
, not quality has been the actinopterygian motto. Individuals may 
rdie in shoals, but the fecundity of the race will fill the ranks 
lagaininashorttime. 

PRIMITIVE RAY-FINNED FISHES. The oldest ruyfins (the 
Ipalaeonisclds) appeared in the Middle Devonian, They were, how- 
ever, not particularly abundant at tliat time and were greatly out- 
numbered by the contemporary lobe-finned fishes and lungfish. 

Two living African fish represent the earliest ray-finned stage, 
falthough in somewhat modified form. The bichir, or Polypterus 
l(‘many-finned’)j is the better known of the two. Like the oldest 





Polyplem, an African Ash which represents a persistent fif somewhat 
specialized} descendont of the paleoniscids of the Pideozolc; the most 
primitive ofliviiigray-Anaed Ashes. (After Attasslz, modlAed) 


I fossils, the fish is covered with thick and shiny bony scales, and 
(I there are many primitive features. Most interesting is the fact 
li that we find here alone, among living rayfins, well-developed 
jj and functional lungs opening in primitive fashion from the 
li underside of the throat. This is to be correlated with the fish’s 
m habitat -• the upper Nile and other tropical African areas where 
di seasonal droughts occur. The fins have changed somewhat, 
r however, from the primitive type, not only in the division of the 
back fin into the series of sail-like structures which give the fish 
Its name, but also, most unusually, in the fact that the pectoral 
5ns have developed a fleshy lobe. This last feature caused 
Polyptem to be included among the crossopterygians for many 
Idecadcs before its proper place was realized. 

Two other types of fish, both present in American waters, also 
ppresent survivors from an early stage of evolution of the rayfins 
j- the sturgeon and the paddlefish, or spoonbill, of the Mississippi. 
jThese types represent a somewhat more advanced condition, for 
!toey possess a typical air bladder rather than a lung. On the other 
id, the fins have remained more primitive than in Polypterus', 
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the tail fin, for example, is still essentially shai'klike, with HiM 
of the body tilting up into the upper part of the two-lobed B 
Again we find degenerate features, for the scales have he^ 
great measure lost, and these fishes are long-snouted in 
grubbers with feeble jaws. 

In the Mesozoic era the rayfins were the dominant fishes bi 
were progressing towards modern conditions. The only surviw 
today of these intermediate members of the group are It 
common American fishes - the long-snouted, shiny-scaled gi 
pike,, common in rivers of the Mississippi system, and thebowS 
or fresh-water dogfish (Amia), a typical lake fish of the MW 
West and South. These fishes are fresh-water forms, but im 
of the Mesozoic actinopterygians had migrated into salt waiti 
and the seas were the centres of later evolution of the group, 
TELEpSTS - THE DOMINANT MODERN TYPE. Towards tk 
end of the Age of Reptiles there arose the teleosts, end product 
of actinopterygian evolution. No sharp line of demarcatiu 
marks them oil from their ancestors, although technically the 
can be characterized by numerous details such as the assumptio 
of a superfically symmetrical tail fin, thinning of the scales, el 
The teleosts forin an overwhelming majority of all living fish 
incladuig every fish familiar to us except those already me 
tioned - ev^ food and game fish, every fish inhabitant of t 
fresh waters of the northern continents (except their four prlmiti 
relatives cited above), and the vast majority of marine 
. humbeiring perhaps 20,000 species. 

BODY FORM. The tcleosts are exceedingly varied in ev 
regard. Tn body shape and general organization rather primlt 
types include sUch familiar forms as the herring andsardii 
. troiit and salmon are a little more advanced. While the fin ri 
, of primitive types are rather numerous and flexible, many P 
^essive teleosts have fins supported instead by but a few stc 
movable spines. In body shape there are enormons varlatic 
. From such a smootlily contoured, fast-swimming type as 
mackerel, there ere transitions to such extremes as the stui 
' sttnfishes or the elongate eel shape. The fi^ounders have develot 
for bottom-dwelling, a flattened body comparable to that of tj 
but the comparison is only a superficial one. Seemingly, 
ancestral teleosts had becoihe so deep-bodied Emd narrow 1 
^ the top-to-hottom' flattening seen in the rays was impossible 
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Instead, the fish, exceedingly thin, has simply toppled over 
on Its side. TTie head presents a peculiar lopsided appearance, 
Uaitilv due to the fact that the eye of the underside, which would 
have been pressed into the mud of the bottom, rotates around 
Hhe.edge of the head in the young Sounder to the upper side, 
Were it is of use. 



A number df living tnleosts, |o show the variety of rortns ussumed hy 
Ibis modern Ssh group. the mackerei iScoinhcrl, a rnst-swlmming 
Streunlineil flsht S, the trunkSsb (Oslracim), witb a sIlfT body und only 
the fins movable; C, the marine sunflsh {Molai, a very thin, deep-bodied 
fish adapted to quiet waters; D, the globe fish iChHomyctena), with 
seaily spherical contours; (ha sea horse (Hlpfocamfiii ) ; F, ii common 
eel (^ngvllla). (From Norman, ri Halarp of Flsheii 


DISTRIBUTION. The primitive teleosts, as we have suggested, 
evolved in the sea,, and the vast majority of the group still live 
in salt water. They have, however, returned in considerable 
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numbers to the fresh waters which were the homes oft 
ancestors; the carp and catfishes are members of one J 
sub-group which consists almost entirely of fresh-water fdji 
Land and air are not, however, teleost domains, although ill 
are so-called flying fishes which may glide for some dis^ 
above the waves, and a few forms, such as the ‘tree^lhS 
perch*, may clamber on their fin spines along the beach ZT 
up on to mangrove roots. ™ 

In the seas teleosts are most abundant in the shallow ctm 
waters, where food materials are most plentiful Rather Id 
n^ous are pelagic fish - forms, tliat is, which frequentl 
high seas far from land. ^ 

Still less common, but exceedingly interesting, are the deewl 
fisto teleosts which have descended into the depths of the ocm 
and have evolved into a strange and grotesque crew iaZ 
en^ters with the problems of existence in that world. Liij 
decreasM rapidly m intensity as one descends. As far as it g! 
It IS utihred for vision, and large eyes are frequent among feht 
Ilvmg at moderate depths. At great depths, however, the sim' 

ab°* darkness prevails, and in ceitai 

of the abyssal forms the eyes are degenerate. On the other hand 

^ht-fomung organs, sometimes arranged in lines alonir thi 
body like the portholes of a liner. Plarfts aie ES I 
^^s^ m the absence of sunlight food cannot be man# 
factured. In consequence, aU life, and hence food is scarce i 
^P-s<» fish must be prepared to make tire most of anySbfe 

forms with hugfia.’ 

siiJk to toe^hStam ®®*®® **** teleosts tend ti' 
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Th^re are many interesting variations in breeding habits. 
SoSnvolve migration from salt to fresh water, or vice versa. 
Ssllmon group, for example: the Atlantic salmon spends 

iVoSslifein salt water but returns annually to inland strear^^ 

deeding purposes. This species may make a number of 
migr^ions fnland for breeding purposes during its life. It is 
^h^ise with typical Pacific forms. These salmon, once in the 
there until maturity. Then they return to fresh water, 

their life-cycle ends. After a journey (often long and difficult) 
inland to breeding-grounds, they spawn for the first and last 

EEL. Most interesting in m^any ways of 
alSe-histories is that of the fresh-water eels. These aninials 
iound in a number of regions, notably those bordering both 
shoS of the North Atlantic. We shall confine ourselves to the 
BifSean species, since its history is better known than that of 
; thei^rican form. Eels are common inhabitants of the streams 
i of western Europe but have never been seen to brwd, and eggs 
' and larval forms are unknown there. It was, therefore, not 
' unnatural that the ancients believed that they arose spontaneously 

out ofthe mud in which they dwelt. - 

But a century or so ago, however, it became obvious that eels 
migrated from and returned to some salt-water breeding-grounds. 
Every autumn mature eels migrate downstream to the river 
mouths, and every spring tiny young eels, called elvers, ascend 
into fresh water. The eel remains in inland waters for a period ot 
from eight to a dozen years and constantly increases in size, the 
adult males averaging a foot and a half in length, the fcinales a 
yard or so. Eventually sexual maturity arrives, and the eel, now 
silvery in colour, joins the autumn migration down to the sea. 

Eels migrate in enormous numbers. One writer has esbmated 
that, from a single lagoon on the Mediterranean coast of Frwee, 
about 100,000 silver eels enter the sea each autumn and that the 
whole number leaving the European shore in a single season may 
be of the order of 25,000,000,000. Where do they go? It was at 
first thought that they bred in the waters not far from me river 
mouths they had left and that the elvers ascending the rivers 
the next spring were the product of these activities. But if this 
were true these well-fished coastal waters should yield plenty of 
breeding eels, eggs, and small larvae. This is the reverse of the 
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truth. Of the milliards of eels which leave the land each niitn j 
hardly a one has ever been seen after leaving the shore, ^ 
simply disappear. Where do they go? ™ 

There have long been known in the oceans small fishes tenaj 
Leptocephalus (‘thin heads’). Not merely the head but thevylm 
body is thin, and these translucent little creatures, a few indu 
long, have very much the shape of a tree leaf. A first clue to Hi 
major problem was obtained a few decades ago when an Ital 
scientist kept some of these little fishes alive in his laboiatoB 
To his astonishment they underwent a complete metamorphosii 
or change of shape; the leaf-like body contracted into a tlii 
(ylinder, and the Leptocephalus became a baby eell 

Leptocephalus was known to be present in many areas of ftj 
North Atlantic Ocean. With this clue to go on, a Danish nry^m n 
grapher, Johaimes Schmidt,' collected specimens from varioni 
parts of this great body of water. When the data as to their siz^ i 
the time of year, and locality were plotted on charts, the« 
story finally became clear. 

Every spring, in April, eel eggs and tiny larvae may be founj 
in a circumscribed area of the Atlantic, a few hundred miles g| 
extent, south-east of Bermuda. It is to the depths beneath thii 
spot that the adult eels travel to breed. The adults have nevei 
been found there; presumably they perish once their reprc' 
ductive duty is accomplished. The young, however, do not 
remain on the spot or drift with the currents ; they set a conn? 
for Europe, By the following spring many of them have reached 
mid-Atlantic and have grown to two inches or so in ip-tigtii , 
Mother year finds the surviving larvae fully grown to thret 
inches and arriving off the margins of the European continent 
During the following summer and winter metamorphosis occM 
and by toe following spring - three years after their birth - & 
dvers migrate upwards into the inland waters. 

The American eef has a similar but simpler history. It 
breeding-ground lies in the same general region but more to th 
south-west; and, since the distances are shorter, the larvae tak 
but a year to reach the coast. 

We have, thus, the major facts of the eel sfoiy. But why thi 
curious life-history? Md how do adults and young find thei 
way in these long journeys through trackless seas? 



CHAPTER 3 


The Conquest of the Land: The Amphibians 

OUB story of vertebrates has so far been that of primitive water 
dwellers - fish and fish-like forms. This evolutionary history has 
not been unmarked by progressive features, for we have witnessed 
the appearance of jaws and paired fins, structures whose develop- 
iment enabled our earliest mud-grubbing ancestors to leave their 
l^ lnggish life on the bottoms and become active, aggressive forms. 
;But the greatest adventure of all still lay before the backboned 
i animals - the conquest of the land, a feat which led to the 
development of higher groups of four-footed terrestrial verte- 
brates. 

The change from water to land life was first initiated in the 
Devonian by the early amphibians and completed by the reptiles 
in the late Paleozoic; later, from reptilian types, were developed 
the warm-blooded birds and mammals. Once the water was left 
behind, there took place wide and repeated radiations of four- 
footed types. These land dwellers have adapted themselves to 
almost every conceivable mode of life on the surface of the earth 
and have, aided by the advances made during land life, taken to 
the air and reinvaded the seas. Snakes, birds, men, and whales 
are but a few examples of the widely varied types which have 
evolved from the primitive and ancient forms which in Devonian 
and Carboniferous times first left the streams and pools to walk 
upon the land. 

PROGRESSIVE FISH DEVELOPMENT. It Was nOt all at Otice, 
or in a single evolutionary stage, that there occurred all the 
many changes necessary for a fish’s descendants to become good 
land dwellers. Some of the essentials for land life had already 
^veloped in the bony fish and, particularly, the lobe-finned 
forms from which the tetrapods sprang. Lungs, a prime essential 
for land animals, we have seen already present in the primitive 
bony fish. Tliese forms too (in contrast with sharks, for example) 
had a well-developed bony skeleton without which life on land 
would not have been possible; the problems of bodily support 
are much intensified on land, and a backbone or limbs of 
cartilage would not stand the strain of terrestrial life Without 
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bending or breaking. Further, in the lobe>iinned fish, we iyl 
seen developed a stout fleshy and bony iobe in the paired fJ 
which gave the possibiiities of development into land li^ 
Potential land adaptations were thus already being initiated! 
the fishes; and, on the other hand, land adaptations, as weslg 
see, are only partial in the amphibians, first of four-fooit 
animals. 

LIFE-HISTORY OF AMPHIBIANS. The amphibians ate t|i 
most primitive and earliest known of four-footed animals; thi 
ate, as a group, the basal stock from which the remaining lag 
vertebrates have been derived. Living amphibians include la 
three comparatively unimportant orders ; the frogs and toadi 
the salamanders and newts, and some rare wormlike forms. Al 
are highly specialued and have departed far from the first lau 
forms. 

' The life-history of a typical frog, however, shows many of th 
essential characteristics of the class. The eggs are rather sml 
and without the protective membranes or shell found in reptile 
or higher types. Normally the frog lays its eggs in the wate 
just as has been the case throughout fish history, whereas th 
reptilian egg is laid on land. The embryo hatches out as a tadpok 
while still very small (for there is little yolk in the egg) and mm 
find its own food as it grows in the water. Later, with approach 
ing maturity, the structure of the body changes radically: tht! 
gills disappear, lungs and limbs develop rapidly, and the pollj- 
wog becomes a frog; the animal becomes a land instead oFi 
water type. 

But even then the amphibian is not entirely freed from an 
aquatic environment, from the need of living the ‘double life' 
to which the name of the group refers, for at the breeding season 
the frog must return to the streams or ponds ; a complete adapta- 
tion to land life, a decisive break with water-living, is impossible, 

Various devices have been developed by amphibians, which 
tend to avoid, to some extent, this necessity for a double mode 
of life and a double set of adaptations. In several instances the 
eggs are laid in moist burrows rather than in the water. Some 
tropical tree frogs never descend to the streams but lay theii 
, eggs in rain-filled hollows in the trees; some toads cany thek 
eggs about on their backs. None of these or other devices, how- 
ever, has been a complete success, and it is not to be wondered 
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at that among the salamanders, and apparently among many 
“ tinct groups as well, there are numerous types which have 
fso to speak) given up the struggle and have slumped back, 
reverting to a permanent life in the water and a life-long retention 

of water-breathing. _ 

amphibian locomotion. Among living amphibians the 
salamanders and newts approach closely in body form and 
general appearance the most ancient land dwellers. The body 
and toil are elongate ; median fish fins have disappeared, but the 
: tail is often much flattened and is still an effective swimming 
organ. The paired fins of the ancestral fish have been trans- 
formed into land limbs. These limbs in salamanders are quite 
small and feeble as compared with the legs of other higher types 
but are large compared with fish appendages. Salamanders can 
' move their legs freely ; but the body is still thrown into sinuous 
curves which push it forward on the legs supporting it, much 
as the fish pushes forward by pressure on the water which 
surrounds it, 

PRIMITIVE AMPHIBIANS. But While the salamanders may 
resemble in superficial fashion the ancestral amphibians, such 
modern types are quite specialized and degenerate; the primitive 
fOu^footed animals from which all land forms have descended 
were quite different in many of their strxictural features. 

Among the oldest and most primitive of known amphibians 
was a group (the labyrinthodonts) abundantly represented in 
deposits laid down in the Carboniferous swamps from which 
mnst of our coal deposits have come. One of these {Diploverte^ 
bron) is illustrated. This form appears to have been, at its largest, 
about two feet in length, but some related type.s were as large as 
modern crocodiles, which they may have resembled somewhat 
in appearance. Much of the life of these ancient amphibians was 
still spent in the water, and small fishes which abounded in the 
pools of the coal-measures swamps seem to have been their 
main source of food. In their long, slim bodies, well-developed 
tails, and many internal features these early amphibians were 
still not far from the lobe-finned fishes from which they sprang, 
but the presence of limbs capable of locomotion on land is an 
. obvious and striking difference. The skulls of these old forms were 
completely covered by an armour of bone, just as in their fish 
ancestors, and the older amphibians are very often called 
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stegocephalians, or ‘roof-headed’ amphibians, because of i 
fact. (The very considerable reduction in skull bones in modji 
amphibians is one of many features which show that they n 
degenerate types.) Behind the head in the fishes was a bog 
covering for the gill region; but the gills have disappeared g 
land forms, and this covering has gone with it. In fishes, a st 
in the side of the skull just in front of the gill plates contain 
the small first gill opening or spiracle. This slit is still pteseg 
in the skull of primitive land animals and still lodges this gl 
pouch which, as we shall see, now serves a very different functigg 
In &hes there was no special mechanism for transmittii^ 
sounds to the internal ear, which lay deeply buried within tb 
braincase, but on land the problem of hearing is a very differeiii 
one. Vibrations in the air are (except for something of the oida 
of an explosion) too feeble to set up vibrations in the aniinal's 
body and reach the hearing organs in this fashion. For the » 
ception of air waves, tetrapods, from the early amphibians up, 
have established an amplifying mechanism (cf. p. 310). Acros 
the tube of the old spiracle, and primitively in the notch 
tioned above, is a membrane, the eardrum, which picks up 
the sound waves. Between this membrane and an opening intht 
Mde of the braincase beneath it, which communicates with th 
internal part of the car, there stretches in lower land types g 
small bone called the stapes, or stirrup ; this is a modification, 
for a new use, of the hyomandibular bone which, in fishes, help 
prop up the jaw joint. 

The most striking contrast between the early amphibians ssi 
their fish ancestors is seen in the limbs. These were quite smal 
in most of the early amphibians but already showed the patten 
of the bony structures seen in land forms in general 34) 
In the front limb of tetrapods there is always one large proxima 
element termed the humerus running from shoulder to elbov 
A second long segment of the limb contains two elements - tlu 
radius lying on the inner (thumb) side and the ulna on the outa 
side, capped at the top by the ‘funny bone’. Beyond these tw 
bones is a series of small bony elements making up the wrist oi 
carpus, Beyond this, again, is a series of long bones lying in tb 
palm and each terminating in the free joints of a toe. In the hinc 
leg there is a, similar development, but the names are different 
The first segment is the thigh bone or femur. The second segment 
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contains two bones, the tibia, or shin bone, and the smaller 
fibula (needle bone) on the outside. Beyond these are the small 
elements making up the ankle or tarsus, followed by the bones 
of the sole of the foot and toes much as in the hand. In a majority 
of unspecialized land forms, just as in man, there are five fingers 
in both front and hind limbs. But most amphibians have but four 
front toes, while, on the other hand, there is some reason to 
believe that there may have been as many as seven fingers in 
some primitive land types. There is no a priori reason why five, 
particularly, should have been selected as the proiwr number; 
very likely there may have been considerable var iation among 
early types before higher tetrapods ‘settled down’ to the orthodox 
five toes. 

PROBLEMS OF AiR-BREATHiNO. We have little knowledge 
of changes which must have been going on in the softer parts 
of the body of these ancient amphibians, but we can draw many 
inferences from existing types as to the evolutionary processes 
under way and the new problems encountered in the develop- 
ment of land life. Chief among the difficulties in the transition 
between water and land life were those which have to do with 
oxygen supply. The fish lung is generally developed to a greater 
extent in an air-breather but never becomes a very efficient organ 
in modern amphibians, Much of the breathing is done through 
the moist skin, and some small salamanders rely entirely on this 
latter means of gaining oxygen and have lost their lungs. Reptiles 
and higher types use the ribs and chest muscles to fill their lungs. 
Amphibians have never acquired this method of breathing and 
use their throat muscles to swallow air just as their fish ancestors 
used those same muscles for pumping water to be utilized in the 
gills. 

A further difficulty in lung-breathing is the problem of 
I efficiently circulating the oxygen absorbed in the lungs. This 
; is discussed further in chapters 4 and 18, so we shall merely 
point out its main features here. In fishes the heart receives only 
the impure blood from the veins and transports it all to the 
gills; from the gills only aerated blood is passed back through 
the arteries to the body organs. But from the lungs, now intro- 
|r duced into the circuit, the pure blood mixes in the heart with 
I the impure venous blood, and this mixed fluid flows alike to 
longs and body. The separation of the two blood streams has 
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not been completely brought about in amphibians, and 
ineflHcient circulatory system has probably been one of thtf 
causM of the failure of amphibians to become a successful grounl 
AMRHiBiAN ANCESTRY. Many features in the anatomy o( 
the early amphibians point definitely to the lobe-finned fish jj 
the ancestors of all land forms. In the skull pattern, and evm 
in such details as the minute structure of the teeth, there is Veij 
dose agreement between the two. The lungflsh of today an 
quite similar to the amphibians in their mode of developmeui 
and in many of their internal organs. But this merely means tluit 
the lungfish are related to the crossopterygians; were typical 
lobe-finiied fish still in existence we should probably find themtc 
be even more similar to the living amphibians in their soft psirfej 
The one really conspicuous difference between the twotypej 
lies in the limbs; the fins of these fish were much smaller thai 
the legs of the amphibians. But in some cases, at least, we have 
noted that the fins were essentially similar in structure to the 
land type of limb. A primitive amphibian was, in essence, only 
a lobe-finned fish in which limbs capable of progression on land 
had been developed. ! 

WHY LAND LIFE ? The most primitive of knovm amphibiani 
were, as we have said, inhabitants of fresh-water pools and 
streams in Carboniferous and Devonian times. Alongside them 
lived representatives of the ancestral crossopterygians, forms 
.1. similar to them in food habits and in many structural feature 
‘ smd differing mainly in the lesser developments of the paired 
lirnbs. Why should the. amphibians have developed these-lirabs 
and become potential land dwellers? Not to breathe air, for that 
could be done by merely coming to the surface of the pool. 
Not because they were ^iven out in search of food, for th^ 
were fish-eating types for which there was little food to be had 
on land, Not to escape enemies, for they were among the largest 
animals of the streams and pools of that day . 

"The dsvdopment of limbs and the consequent ability to live 
on land seem, paradoxically, to have been adaptations for 
remaining in the water, and true land life seems to have beeii, 
do to apeak, onlythe result of a happy accident, 

. Let jis consider the situation of these two types - lobe-fiimed 
fishes and amphibians . living in the streams and pools of the 
late' Paleozoic. As long as the water supply was adequate, the 
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cfossopterygian was probably the better off of the two, for he 
was obviously the better swimmer; legs were in the way. The 
Devonian, the period in which the amphibians originated, was a 
time of seasonal droughts. At times the streams would cease to 
flow and the water in the remaining pools into which the fish 
and ancestral amphibians were crowded must have been foul 
! and Even so the lobe-finned fish, since he possessed 

i |,,ng3^ was at no disadvantage, for he could come to the surface 

! and breathe air as well as the amphibians. 

If however, the water dried up altogether and did not soon 
: j gtiiin, the tables were turned. Under such circumstances the 
CTOSSo'pterygian was helpless and must die. But the amphibian, 
with his newly developed land limbs, could crawl out of the 
j shrunken pool, walk up or down the stream bed or overland 
i and reach another pool where he might take up his aquatic 
j existence again. Land limbs were developed to reach the water, 
not to leave it. 

Once this development of limbs had taken place, however, 
it is npt hard to imagine how tme land life eventually resulted. 
Instead of Immediately taking to the water again, the amphibian 
might learn to linger about the drying pools and devour stranded 
fish. Insects were already present and would afford the beginnings 
of a diet for a land form. Later plants were taken up as a source 
of food supply, while (as is always the case) the larger forms on 
land might tate to eating their smaller or more harmless relatives, 
Finally, through these various developments, a land fauna would 
have been established, 

OLDER AMPHIBIAN TYPE!5. Until recently the oldest-known 
remains of amphibians dated from the Carboniferous, time of 
fonnation of the great coal deposits. But already at that period 
amphihians were quite diversified, and we felt sure that their 
orig in must have taken place further back in the Devonian, 
when the development of early fish groups was at its height, 

, although no amphibians had ever been reported from rocks of 
that age. In the past few years, however, this gap in our knowl- 
. edge of the ancestry of higher vertebrates has been filled in by 
the discovery of very primitive amphibians from the late 
Devonian of Greenland. 

Many coal-swamp amphibians were still of the very primitive 
sort described earlier in this chapter. But besides ^ese big 
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amphibian forms there were numerous smaller ones, often 
specialized in various ways. Many had apparently ceased ti 
leave the water at all and had much reduced limbs and a sna)#. 
like body. Others had huge flat heads with hornlike processa 
and may have spent their lives on the bottoms of the pook 
Still other small but more normal-looking types may have tea 
the ancestors of modem amphibians. Before the CarbonlferoM 
had closed, the reptiles, a group much better adapted to IniI 
life, had already sprung from the primitive amphibian stod^ 
and towards the end of the Paleozoic amphibians rapidly d^ 
creased in numbers. A few large degenerate remnants of the 
old amphibian groups survived into the Triassic but then became 
extinct. Beyond that time the only known amphibians am 
members of the three living orders, which constitute but a small 
and unimportant part of the vertebrate life of modem times. 

MODERN AMPHIBIANS. As we have noted, the living sala. 
manders and their relatives are not dissimilar in general appea^ 
a nce and proportions to the ancient types, l^ut in the skull anil 
skeleton there are many degenerate features. As in modem 
amphibians generally, the old bony scales of the fish have 
disappeared; the skin is soft and moist and acts as an accessoiy 
breathing organ. Salamanders are consequently unable to expose 
themselves to dry conditions and when not in the water an 
. usually found in moist wooded areas or buried under logs and 
ston^. Most of tlvem emerge on land as adults but return to 
the ^ter at the breeding season; in a number of instances they 
remain permanent water dwellers. Gills may be retained through- 
out life. The mud puppy; not uncommon throughout the Mid^e 
West, is a form of this sort. In a few cases lungs remain un- 
developed. Another interesting type is the axolotl, found in 
ponds and lakes in western North America, particularly in the 
Valley of Mexico. Under normal conditions this small sala- 
mander remains a permanent water-dwelling gill-breather. But, 
if - experimentally treated in various ways (such as feeding il 
thyroid extract), the axolotl changes markedly, loses gills 
develops its lungs, and comes on to land as a spotted black eni 
orange salamander common throughout the United States 
Evidently in the axolotl we hRve a form that (d la Peter Pan 
pever grows up; it is a permanent larva, sexually mature, b]« 
immature in other respects, ' 
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Other purely water-living salamanders may also have had a 
jjmiiflr history. In the case of the mud puppy mentioned above, 
however, no treatment has been able to make the animal become 
a terrestrial adult; the animal has, so to speak, forgotten how 
to grow up. It is probable that this peculiar type of evolutionary 
development may have played a considerable part in the history 
ofother animal groups. 

A much more flourishing group of living amphibians is that 
of the tailless forms - the frogs and toads. Since they are am- 
phibians, and since the amphibians are the lowest of terrestrial 
groups, it is often assumed that frogs and toads are, ipso facto, 
primitive land vertebrates. But this is really the reverse of the 
case; the frogs are in many respects among the most highly 
specialized of backboned animals. The specializations have to 
(to mainly with their hopping method of locomotion. The back 
is eKticmely short; there may be as few as eight vertebrae, 

I whereas a primitive land form would probably have had nearly 
thirty joints in the backbone not including the tail. The hind 
legs are excessively long and highly specialized, and the front 
legs, although more normally proportioned, are also much 
modified, with adaptations of the shoulder bones which break 
the shock of landing. It is quite probably their peculiar mode of 
locomotion which has enabled the frogs and toads, alone of 
amphibians, to remain a fairly flourishing group. 

There remains for further consideration among amphibians 
only a group including a few inconspicuous tropical forms, the 
Apoda, or limbless amphibians. These are small, almost blind, 
bunowing animals which look very much like large worms and 
have no vestiges of limbs. These very degenerate creatures are 
not at all closely related to the groups considered above, and 
their fossil history is quite unknown. 

THE FAILURE OF THE AMPHIBIANS. The amphibians are a 
defeated group. They were the first of vertebrates to emerge from 
the waters on to the land; but they were not destined to com- 
plete the conquest, and, at first abundant, they have shrunken 
Into insignificance among four-footed vertebrates. Only by the 
reptiles, their descendants, was the land truly won. The reason 
for amphibian failure and reptilian success is not far to seek; 
itlies in the mode of developinbnt/Tiip a&qiNbiiap is^hdlt^haiiradistibi 


to the water. In the water 
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periodically return. We have noted various devices among livim 
amphibians vrhich have enabled them to circumvent this dlffi. 
culty to some extent; but these makeshifts have not been 
particularly successful. The amphibian is conservative in j|j 
basic developmental processes. It is, in reality, little more than 
a peculiar type of fish which is capable of walking on land. 



CHAPTER 4 


The Frog 


j/Rhere turn aside from the general story of vertebrate evolution 
to consider in greater detail a common amphibian the frog. 
Tn many elementary courses in biology this animal is dissected 
ua^resentative vertebrate. This account is inserted to accom- 
Lv such laboratory work; in consequence, it is more replete 
: with technical terms than are other sections of the book, and 
' those interested only in more general viewpoints will be well 


While it is possible to study the frog without reference to aiy 
other animal, anatomical work is always of greater interest if 
done in a comparative manner. In chapters 17-19 is given an 
account of the human body, with a discussion of the historical 
; background of its anatomical features. It is suggested that the 
I frog might well be compared with man and that the description 
■ of the human organ systems be read as dissection of the frog 
prograses. With this in view, the accounts given farther on in 
this chapter of the various orgaas of the frog body have been 
airanged in the same order as is used in the consideration of 
structures, and references are made to the pages covering 
the s ffmft topics in man. Many of the common fundamental 
considerations applying to both animals are treated in the 
account of the human body and therefore are omitted in the 


present chapter. . 

The choice of the frog as a favourite laboratory animal is due 
to several factors. One item (not a minor one in these days of 
ratricted college budgets) is the fact that it is common, readily 
available, and hence inexpensive. There are, however, good 
udentifie grounds for its selection. As an amphibian it represents 
a group halfway up the family tree from fish to mammal - an 
‘average’ vertebrate, better suited for use than either ©itreme 
type if but one form is to be studied. 

It must be pointed out, of course, that even this animal has 
its disadvantages. We have noted earlier that modern amphibians 
aie somewhat degenerate in their skeletal system, and the frog 
is no exception to this condition. Further, the jumping habits 
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of the frogs have caused great modifications of the limbs, ^ 
these appendages are to be considered as highly specialiai 
structures. However, apart from features of the skeleton and 
muscles, the frog appears to have adhered rather closely to tk 
general pattern found in primitive land-dwelling vertebrates. , 

THE LIFE OP THE FROG 

The forms most frequently used in the laboratory are memlws 
of the typical frog genus Ream. The bullfrog, Ranei catesbiimij 
is an exceptionally large form; R, pipiem, the leopard orgrw 
frog, is the commonest of American species. The bullfrog tendi 
to spend much of his life immersed. The leopard frog is moa 
of a land dweller; in damp weather he may wander far from 
the water but is commonly found along stream banks, ready to 
leap and submerge at an instant’s notice. 

FOOD, Adult frogs are purely carnivorous in a broad senst 
of the term - eaters, that is, of animal food. Since they are of 
modest sim, the food supply mainly consists of invertebrates 
Earthworms, insects, insect larvae, and spiders are favourite 
foods. However, they have no compunction against eating other 
vertebrates, and minnows, tadpoles, and even smaller frogs 
may form additions to the diet. The frog tends to snap instiiK. 
tive^ at any small moving object near by (such as a bit of red 
flannell). The teeth, however, are relatively feeble; an important 
method of obtaining food lies in the protrusibility of the tongiic. 
This organ is highly developed, attached anteriorly, and normally 
lies with its free tip turned backward in the mouth. From this 
position it may be flipped out suddenly to gain contact with i 
fly or other desired titbit. The tip is sticky, so that the object 
touched adheres to it. A reverse flip, the food is in the riioutli 
and is swallowed without further ado. The protrusion of the 
ton^e is brought, about by a peculiar mechanism. A large sac 
in the floor of the mouth suddenly fills with lymph and pushes 
the ton^e upwards and forward. 

ENEMIES. The frog has, in turn, numerous enemies, Man; 
either ip pufsuit of frog’s legs or in search of your laboratory 
animal, is a major factor in frog destruction. Frogs offer a 
substantial and favoined food supply for snakes; various birds 
, and some manimals Md evm fishes prey upon them. The tadpoles 
, arej " of course, much more susceptible . to attack, ahd thiaii 
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aiemies include not only vertebrates but a number of aquatic 
nsects; under ordinary conditions only a small percentage of the 
arval frogs ever reach the adult stage. Still other enemies are 
jarasites of various sorts. Leeches suck their blood, and there 
lie numerous internal parasites such as flukes, roundworms, 
lumerous protozoan species, and even parasitic plants which 
nvade their tissues. 

locomotion. The locomotor abilities of the frog are highly 
iseiiil to him in escaping from his major enemies, for he is an 
iccompiished Jumper and swimmer. The front legs are of asc 
nainly to support the head and chest and break the force of the 
'all on landing; the hop is accomplished by a sudden straighten- 
ng (extension) of the hind legs, which in resting pose are flexed 
n readiness. A frog jump under good conditions is well short 
:f a yard (Calaveras County jumping contests not considered). 

In swimming the front legs are little used ; propulsion is accom- 
plished by alternate kicks of tlie hind legs, which push the webbed 
toes against the water. A favoured resting position is one in 
which the frog floats in the water in a sprawled position with 
only nose and eyes protruding; the level tit which it floats rmiy 
be regulated by filling or emptying the lungs and thus altering 
the specific gravity of the animal as a' whole, Diving from the 
bank begins as an ordinary leap, followed by a vigorous down- 
waid swim. To dive from the floating position, the frog first 
gives itself a vigorous push back and down to ‘submerge’, then 
tilts the body downward to begin its swim to cover. 

Besides flight, other factors help escape from enemies. Some 
of the skin glands secrete a mildly poisonous material which 
maVp-s some animals avoid the frog. By puffing himself full of 
air a frog may become a round and slippery object, difficult for 
its enemy to swallow. 

ANNUAL LIFE-CYCLE. The activities of frogs vary greatly 
with the seasons, particularly in temperate climates. The animal 
is a cold-blooded form, that is, it is unable to maintain a constant 
body temperature; hence in the winter it must hibernate, and 
so it burrows in the mud to avoid freezing temperatures. During 
this season the internal activities of the body go on at a much 
reduced rate, drawing for fuel upon food materials stored in the 
body, particularly in the liver and muscles. With the coming of 
spring the frog becomes very active. The sex organs develop 
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greatly, the body of the female fills with eggs, and the b 
season arrives. Once the eggs are laid, life goes on at a sit 
tempo. During summer and autumn new stores of food are laid 
against the approach of cold weather. 

BREEDiNO. In the grass frog the breeding season commoo) 
occurs some time during April, depending upon the climate t 
the region concerned and the nature of the season - the watnt 
the sooner. Frogs are, at other seasons, essentially unsocialil 
and solitary in their habits. At the breeding season, howeve, 
they become highly gregarious and congregate in large numbe 
in shallow bodies of water. Fertilization is external, the iiiili 
clasping the female and discharging sperms which fertilize d)) 
eggs as they emer^. The clasping movement is a readily exuW 
reflex action of the male; typically, male and female reimiiij 
clasped for several days before the eggs are laid. 


GENERAL FEATURES OF THB FROG BODY 


BODY REGIONS. In its contouTS the frog body shows i 
division into three regions - head, neck, and trunk - found in a| 
higher vertebrates. In the fish there was no distinctive nedc. h 
the frog, with the disappearance of the gills, which once lay ii 
this area, a neck appears. It is, however, shorter than in reptikt 
or higher groups, and there is in consequence relatively littl) 

. freedom of motion of the head on the body. The trunk is nucl 
shorter than in typical vertebrates. A marked specialization ol 
the frog is the reduction of the tail; only a rudimentary stotii 
remains, concealed in the general contours of the body. ThehU 
legs are developed to an unusual degree, equalled elsewhere ou^ 
by man and some other bipeds. These various specialization! 
of the frog are to be associated with its peculiar leapiit 
. habits. 

, ORIENTATION. In dUsccting or describing a vertebrate, atteo- 
tion must be paid to terms used to describe the relative position 
of vmious parts md organs. The frog is, of course, bilaterallj.] 
symmetrical, the right and left sides fundamentally minoc 
.images of one another! The direction in which the animal indV® 


(here the head end) is termed ‘anterior’, the opposite end 
‘posteriof’i Upper and Iowa: surfaces are called ‘dorsal’ and. 
‘ventral’, (Latin -for ‘back’ and ‘belly’). An annoying featui^; 
' in the attempt to compare ai^ four>foo^ animal with man li^ 
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L the fact that man’s upright posture causes changes in dir^c- 
k)ijal terms. Since anterior means the direction in which an 
r moves, this term in man becomes the same as ventral, 
S posterior the same as dorsal. We thus need new scientific 
^ for the up-and-down directions in man ; these arc sup- 
biied hy using ‘superior’ and ‘inferior’. The confusion that 
L be (and Is) caused by this shift in posture can be readily 

^gined. 

I It must be remembered that most diagrams of body organs 
[tte dravim from the ventral side, as they arc seen in the dissection 
of the abdomen. The right side of the animai is thus to the 
reader’s left and vice versa. 

SUPERFICIAL FEATURES. Most of the frog body is covered 
with a soft, moist skin, interrupted by a number of openings or 
Other topographic markers. At the front is the widely gaping 
mouth; just above its anterior end are the external openings of 
the nostrils (or nares). Farther back on the head are the promi- 
nent eyes and the large eardrums. At tlte posterior end of the 
body is found the opening of the cloaca, a pocket into which 
open not only the digestive tract but also the lube.s carrying 
urinary and reproductive products. 

body cavities. When the dissection of the internal organs 
'egins it will be found that most of them lie packed in compact 
k ihinn in a large cavity - the body cavity, or coelom. Here are 
found most of the digestive organs - stomach, intestines, liver, 
land pancreas - as well as the reproductive organs and spleen, 
while the kidneys are exposed on the back wall. In mammals 
ihe lungs lie in separate compartments, separated from the 
abdomen by a muscular partition, the diaphragm ; but in the 
frog the lungs extend freely into the general cavity. As in every 
vertebrate, however, the heart occupies a separate pericardial 
cavity. 

The coelom is lined by a thin but continuous membrane 
known as the peritoneum. This covers not merely the outer 
walls but also all the contained organs. These do not ‘float’ 
freely in the body cavity but are attached to the walls by folds 
of the membrane, called mesenteries. The most important 
mesentery descends from the midline of the back wall of the 
abdominal cavity to anchor the stomach and intestine in 
place. 
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SKIN 

In the frog, as in every vertebrate, the skin consists of two laycJ 
The more superficial is the epidermis, consisting of a sheet! 
cells which forms a moist and ^in but continuous outer covetiin 
Deeper lies the dermis, mainly a feltlike mass of connective-tisw 
fibres but containing blood vessels, nerves, and sensory structuq 
In its skin the typical modern amphibian differs markedly fto] 
both its fish ancestors and the reptiles. The fish was coveredw 
thidc, bony scales placed in the dermis; the frog has lojt J 
trace of these structures. On the other hand, typical reptiles hiM 
acquired superficial scales, or scutes, formed by deposits J 
horny material in the epidermis. Such scales are lackln|i| 
amphibians, although slight deposits of horn may form in fti 
^in in some cases. The frog is thus left without the protectitil 
of either type of scales, and its soft skin nxakes it necessary fj 
the ailimai to stay in damp environments to prevent excbsslw 
drying. Nevertheless, this type of skin has one advantage. Itisfl 
moist membrane which is capable of absorbing oxygen and givitl 
off carbon dioxide; richly supplied with blood vessels, it acts J 
aii accessory lung. I 

The skin contains numerous glands of simple constructiojl 
essentially globular pockets in tire epidermis. Most of thesH 
sj^te a mucous material which keeps the skin moist. RelaMii 
.few in number are larger glands, which produce an acrid M 
thought to be poisonous in nature. While this appears to m 
relatively ineffective, certain toads secrete definitely poisoDoa] 
miaterials. 

Just beneath the epidermis is a layer of cells containing pig' 
meats of at least two types - one dark, one yellow - and crystallini 
granules. Combinations of these elements in different proportion 
and positions give the green, brown, and other frog colouh 
Furtj^r, the colours in many cases are not fixed but may show 
; changes, owing to expansion or contraction of plgment-bearkig 
. cells or to changes In their relative positions. 

NERVOUS SYSTEM ♦ 

In the nature of their nervous tissues in general - the spinal coid,| 
, the peripheral nerves, and the autonomic nervous system - tht'l 

♦app. 286 - 98 . . ■ ;Ti| 
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‘og anil man are essentially similar, 
jaftct, apart from the brain, the only 
iioteworthy difference between the two 
is that in the frog the body is so short- 
ened that there are but ten pairs of 
Ljnal nerves in contrast to three times 
Jhat number in man. 

[ Even in the brain many features are 
dosely comparable with those seen in 
Wn. At the back end of the frog bniin is 
Ihe medulla oblongata, which appears 
in general structure to be little more 
then an expanded portion of the spinal 
cord with which it is continuous. In the 
jc ritiiUft are carried out many of the 
more automatic nervous activities of the 
frog body, and to this region of the 
ibrain attach most of the cranial nerves. 
■A projection above the front end of the 
medulla is tlie cerebellum, associated 
vith posture and muscular co-ordina- 
i(ion, This structure is much smaller in 
the frog than in most vertebrates. 

Farther forward, the only notable 
feature of the midbrain region is the 
pair of dorsal swellings, the optic lobes 
to which in the frog (although not in 
man) run most of the nerve fibres from 
the eyes. A bit farther forward, in a 
region anatomically considered to be- 
long to the forebrain, in a general 
sense, is a pronounced ventral swelling 
in the neighbourhood of the optic 



The iiervnus sysicm of the 
Troc seen Ironi the ventrnl 
!ji(le. At the toi), ilie venlrel 
nnrrace cil'lhe hriiin, continu- 
InK into the spinal cnrcl. On 
the Icfi side uP the Kgure the 
lianaliu und trunk ol’ the 
uiitniuimic ('synipuibeiic') 
nervous system arc shown In 
hluek. Tile CrnninI nerves 
urc labelled in Roman 
numcriils, the ten spinal 
nerves in Ariibic. Spinal 
nerves 2 and .1 rorm the 
brachial plesus for llie arm, 
and components ol' nerves 
7-lU Torm u similar plexus 
innarvutinK the hind leg. 
(Alter Ecker end Wledera- 
helm) 


nerves - the infundibulum. Just below and behind it is a rounded 
(readily detached) structure - the hypophysis. The two together 
form the pituitary, a vitally Important gland of internal secretion. 

It is only in its most anterior portion that the frog brain, 
rpersistently primitive, differs radically from that of man. Here, 
in the ftog, are found small, paired swellings, each somewhat 
constricted at midlength. Into the front halves, termed olfactory 
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lobes, run the nerves from the nostrils; the back portions J 
the cerebral hemispheres. The frog hemispheres appeal 
exercise some slight control over the animal’s activities, pi 

ticularly in causing response to stimulus received through.! 

sense of smell. However, if the hemispheres are carefully i 

moved, without injury to other parts of the brain, and lii 
animal allowed to recover from shock, it is found that in alny 

every respect the frog is capable of carrying on his normal i 

and activities almost exactly as before. ? 



Lateral aad dorsal views of the iVog brain. The cranial nerves are labelled ‘ 
in Roman nomerals in the view; eb, cerebellum; eh, certbnd 

hemispheres ; mo, medulla oblon^ta; o(fi olfactory lobes ; op, optic lobes 
of mldbrain ; p, ^eal ; p/t, pituitary. (After Wledersheim) 

Far different, of course, is the situation in man. The huma 
brain is notable for the enormous expansion of these sam 
cerebral hemispheres, which have grown so as to exceed grealt. 
in bulk all the rest of the brain together and have come to betb 
directing centres for much of the body’s activities - the seat o 
; consciousness and memory. 

The frog possesses ten cranial nerves, comparable in majo 
features to the first ten found in man. In man there is a well 
developed twelfth nerve, absent in the existing amphibians, bo 
found in reptiles, birds, and other mammals as well. Its absew 
in the frog has often been thought to be a primitive character 
. Hdvyever, there is considerable evidence that it was present | 
primitive amphibians; here, as in other features, the frog Isi 
bit degeneiatek i 

SENSE ORGANS * 

NOSE. Since the internal openings of the nostrils lie almoj 
inmediately below the external ones,, there is no opportunit, 
for the development of large nasal passages in the frog. Neva 
. th^ss there are. small, well developed olfactory sacs folded b 
a complicated fashion, which appear to furnish the frog will 
; . important sensory information. 

' ' . • Cf.pp. 298-313.' 
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bvb. He fundamental pattern of the eye is similar in frog 
Ijdjnan, but there are numerous differences in details of con- 
lunction! Lids are present but are poorly developed ; they cannot 
lose of themselves, and the eye is shut by pulling the eyeball 
iacic into its socket. On closure, a thin membrane attaclied to 
le lower lid and called a nictitating membrane covers over 
iticliof the surface. The lens is nearly spherical and of a ‘fixed 
[ocus’ type and cannot change either position or shape to 
jccommodate for near or far vision. The optical properties arc 
& that the frog is near-sighted on land, far-sighted with the 
V immersed in water. As in all typical vertebrates, the retina 
.t gn fa ins both rod and cone cells. In man the latter, which make 
for colour vision and clear perception of detail, are concentrated 
In a central area ; in the frog the two types are scJittered through- 
jt, and hence we may assume that visual acuity is less pro- 
Further, the frog lacks the stereoscopic depth elfccts 
jssible in man and many other mammals. As noted in the 
ni man discussion, this type of vision is rendered possible by a 
irting-out of the nerve fibres from the eyes as they enter the 
lin. This does not occur in the frog. 

The frog is, when at rest, popeyed, the eyeballs projecting 
ffominently from their sockets but readily withdrawn. These 
ivements are accomplished by the development of two extra 
in addition to tlie six which in all typical vertebrates 
form the usual rotary motions of the eyeball. 

Primitive vertebrates possessed a third, median eye between 
^!lhe members of the normal pair ; tliis is lost in most living forms, 
■^t the structure often remains, as in man, in the form of a 
peal, body attached to the brain. In the frog the pineal body ■ 
fias almost completely disappeared but may be sometimes 
Idmtified as a tiny pigmented spot in the skin between the eyes, 
J»inpletely separated from the brain. 

BAR. The frog lacks the external tube of the ear seen in mam- 
Inals, and the prominent ear-drum is exposed on the surface, 
|Witl^ the drum is a middle-ear cavity communicating with 
mouth (as in man) by a eustachian tube. A single bone 
^Bosses this cavity to cany vibrations from the drum to the 
ler eat, buried in the braincase. In man three ossicles are 
it here. That of the frog corresponds to the inner of the 
the stapes, and hence may be so termed (although usually 
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designated as the columella). The other two ear ossicles ofM 
riiammal still retain their primitive function in the bones oil 
jaw joint. 1 

The system of canals and sacs in the inner ear, recotdlii 
body balance and motion, are the same as in man. The hestii 
part of the structure is, however, poorly developed; instead i 
the coiled cochlea of the mammal, there is but a small patchi 
tissue associated with sound reception. This suggests tbe 
although the frog can hear, it lacks the ability to discrimmal 
between tones of various pitch, as is the case in animals vil 
a cochlea. Bass and soprano may be one to the frog. 

LATERAL-LINE ORGANS. Fish posscss a System of seostt^ 
organs arranged in a pattern of pits and lines on the head boI 
down the flanks which appear to register movement and pressi 
( in the water about them and thus afford valuable sensory al 
to the swimming animal. Such organs are still present in tb 
tadpole. They disappear, however, at metamorphosis and n 
absent in the adult frog; reptiles, too, have lost them, and th 
never reappear in higher vertebrate groups, 

DIGESTIVE SYSTEM * 

The mouth functions primarily as the anterior end of the digesthi 
tract. Teeth are feeble and are confined to the upper jaws what 
. there is a row along the jaw margins and a small patch on tbi 
. front part of the palate. The tongue was noted in the discus^n 
of frog habits. Mouth glands are poorly developed and menl) 
sectete a mucous material; in contrast to man, they contain « 
digestive ferment. Beyond the mouth the alimentary canal passd 
' back through the short pharynx, or throat region, and thi 
distensible esophagus to reach the stomach. Pharynx aoii 
esophagus are lined with cilia, tiny hairlike structures, whid 
, beating rhythmically, aid in passing food particles downward 
, The stomach is a simple pooch not dissimilar to that of mat 
. , in shape and functions but rather less curved. It terminates S 
a construction, the pylorus (‘gate-keeper’), where the foot 
passes to the intestine. 

The, pancreas is rather diffuse in shape and lies along th 
course of the bile duct, into which its secretions pass to read 
the intestine. The liver typically has two major lobes, left am 
• a. pp. 314-24. 
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nostrils. The internal openings (choanae) are near the front of 
the mouth, for there is no development of a secondary palate 
such as is seen in mammals. The entrance to the lungs is tie 
slitlike glottis far back in the floor of the mouth. Below the glottii 
is a small chamber, the larynx, which is partially enclosed by ' 
cartilages belonging to the hyoid apparatus ; these cartilages ate 
remnants of the old gill-bar system of the fish, The frog has no 
development of a long trachea such as is found in man, for the 
neck is short; beyond the larynx the air tube divides into two 
passages which almost immediately arrive at the lungs. These 
, are relatively simple (and hence relatively inefficient) sacs laddns 
the complicated folds seen in the human lung. 

A mammal breathes by movements of the ribs and diaphragm, 
which suck air into the lunp. The frog lacks both of these 
structures and must use other methods. There are two steps in 
filling the lung. First, with the mouth shut and nostrils open, 
the floor of the mouth is depressed. This sucks air into the mouth 
cavity. Then the nostrils are closed and the mouth floor raised, 
compressing the imprisoned air, which is thus pumped through 
the glottis to the lungs. However, the lungs are filled only at | 
intervals, and mouth-breathing is a more frequent practice. As ' 
may be observed ih a resting frog, the floor of the mouth rises 
and falls in a gentle, regular rhythm. Every now and then there 
is a niore violent movement, indicating the filling of the lungs. 
The rest of the time there is merely a flow of air in and out of 
the mouth cavity. This orifice is lined with moist skin and acts 
as a breathing organ. 

Still further, the skin of the frog is a moist and usually soft 
membrane. It can and does function in breathing and is richly 
supplied with blood vessels which utilize its potentialities as a 
respiratory organ. It has been found by careful measurement 
that even, under normal conditions more carbon dioxide is 
given off by the frog's skin than by the lungs; and a frog 
I submerged in cool water can obtain enough oxygen through 
, the^skin to live for several days. 

, Most vratebrates, apart from birds and mammals, are voice- 
less;- the frogs, however, have evolved a pair of vocal cords 
which are fairly comparable to those Of man and consist of a 
pair of elastic bands running a^oss the larynx. Sounds are 
produced by the passage of air over these cords. In many fro™ 
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the males possess vocal sacs on either side of the throat 
which open into the floor of the back part of the mouth. These 
serve as resonators to reinforce the sounds produced by the 
cords. 

EXCRETORY SYSTEM * 

In both frog and man the basis of the excretory system consists 
of numbers of tiny tubules which filter from tlie blood water and 
waste matters, which are excreted as urine. These tubules arc 
essentially the same in both animals, although (us discussed in 
the treatment of the human excretory system) the frog tubule 
carries a, more dilute product. The mass of tissue containing the 
thousands of tubules constitutes the kidney. Despite the funda- 
mental similarity of the units composing this structure, frog and 
man differ markedly in the shape and po.sition of the kidneys 
and the drains passing the urine to the surface. 

In the frog the kidneys form a pair of oval strips of dark-red 
tissue imbedded in the back wall of the body cavity. In man the 
Iddney is much shortened and thickened to form a large bean- 
shaped structure, more posteriorly placed. In the frog the urine 
passes into a duct (technically known as the Wolffian duct) 
which, in the male, also carries the sperm from the testis. In 
man this tube, as noted elsewhere, has been given over to 
icproductive functions exclusively, and the urine leaves the 
kidnQf through a newly developed duct termed the ureter. This 
name is sometimes applied to the functional kidney duct of the 
frog, but improperly so, for the two arc not at all homoiogous, 
In the frog the urine-carrying ducts pass directly to the cloncu, 
and a bilobed bladder for urine storage is found in tlic floor 
of the cloacal pouch. In man, on the other hand, the urinary 
bladder is more internally situated, and the two ducts lead 
directly to it. 

- REPRODUCTORY ORGANS f 

FEMALE STRUCTURES. In the female frog the ovaries, the 
primary sex organs, are paired, more or less lobulate bodies 
lying in the dorsal part of the body cavity. They undergo great 
seasonal changes. When breeding is over in the spring tliey are 
reduced to -tiny wrinkled bodies. During the summer they 
in(ae^ In size and by autumn may fill much of the abdomen. 

* Cf. pp. 329-32. t Cf< PP. 332-6. 
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The urlDogenitol organs of the female 
ftog seen ftom the ventral aspect 
(senudiagrammatlc). The urinary 
structures are similar to those of the 
male, hut the sex products do not 
utilize the urinary duct; instead they 
pass through the highly coiled oviduct 
(which may be present in rudimentary 
form In the male alao). On the left 
side of the figure the ovary hna 
6een removed and the oviduct arti- 
liciaily straightened to show Its true 
length. The genitnl system is shown 
in a. quiescent stage; as the reproduc- 
tive period approaches the ovaries 
grow enormously, and subsequently 
the 'uteri' ore distended with eggs. 


With the coming of the breeding' 
season, the numerous eggs, 
which have been maturing mean, 
while, burst out of the ovaries to 
fill the body cavity. 

From this cavity the eggs pass 
to the surface through the ovi- 
ducts, which also vary greatly 
from season to season. and an 
much enlarged at breeding time, 
These tubes run most of the 
length of the abdomen. Anteri- 
orly, near the base of the lung, is 
a wide, funnel-shaped mouth 
into which the eggs pass from 
the body cavity. Much of the 
length of the tube is highly con- 
voluted. The inner surface of the 
duct Is much wrinkled at breed- 
ing time. The ridges are covered 
with ciliated cells which ate 
Instrumental in passing the eggs 
down the duct. Between the folds 
are glands which secrete a 
gelatinous material to coat tbt 
egg. Near the exit to the cloaci 
there is a thin-walled portioi 
of each tube, termed thi 
‘uterus’. In these the eggs collec 


before they are extruded, and the uteri may become greatl; 
distended. These structures are not, of course, particulail 
comparable to the true uteri of mammals, in Vrhich developmer 
of the young takes place. 


- The oviduct does not function in the male, but in some specif 
of firogs, including the leopard frog, it is present in a rudimentai 
state, lying lateral to the kidney duct. This is illustrative of tl 
fMt that in early development the typical vertebrate does no 
so to speak, ‘know’ which sex it is destined to be^ and tl 
beginnings of the typical organs of both sexes may be preser 
Later in development the organs of one sex or the other dominab 
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those of the opposite sex 
may disappear but may 
(as in this case) persist in 
a nidimentaiy, non-func- 
tiooal state. 

male organs. The 
ptimaiy sex organs of the 
male, the testes, are 
j rounded bodies lying ven- 
tral, to the kidneys and 
bonnd by membranes to 


which in mammals ad- 
joins the testis. Instead, a 
number of efferent ducts 
pass across into the front 
part of the kidney. Cross- 
ing this structure, the 
sperm at breeding season 
]»ss down to the cloaca 
through the WoHBan duct, 
which, as noted above, 
also carries the urine. This 
situation, in which the 
testes ‘impose on’ the 
kidnwt to obtain an outlet, is apimcntly a fairly primitive verte- 
brate condition. In mammals, the two types of products follow 
separate courses most of the way to the exterior. This is accom- 
plished through the kidney evolving a new duct (ureter) for its 
exclusive use and politely turning the older structure over to the 
reproductive system as the sperm duct (ductus deferens). The 
front part of the kidney has been abandoned to help form the 
epididymis. 

In both sexes we find, just in front of the gonads, a large yel- 
lowish organ, the fat body, with branching finger-like processes. 
This body serves as a storehouse for nutriment, waxing large in 
the summer and decreasing in size during the breeding season ; ap- 
parently the stored-up nutritive material is used by the sex organs. 


the dorsal lining of the 
body cavity. The frog lacks 
the coiled epididymis 



The utinogeniial nreeiis ol" the mate rrrig seen 
rniin the ventral surfaco (acinitliiiBramitmiic). 
The (estes have been pu^hnl t>li)|hily latemlly 
to show the slcnilcr veweh puatliiu i'rom them 
Into the nicdlul r.iJe ol' the kiUoeyi, The 
cuprareiutir arc thin iniisscit of li.wiue lylnu on 
the ventral surlace ut the kMiicy!!. The kidney 
ducta (ultto termed meKonephrlu nr Wolinan 
ducu) dntlii not only the kidneye but the Iceic’i 
na well. The reproductive syMcin is rerrcseiiled 
as in 0 guicscciii stage. At the lime of sesuni 
activity the testis is vitl.'irge(l. nnd the Motitittl 
vesicle muy be greatly distended with *|ieini. 
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CIRCULATORY SYSTEM * ,, 

BLOOD. The plasma of the frog blood Is essentially similai' 
to that of man; there are, however, some differences intlit 
formed constituents. The red cells are larger and oval rathg 
than round in contour ; further, they tend to retain the nucleus, 
although at certain seasons a large proportion may be enucleated, 
as in mammals. White ceils abound, although the types preseni 
vary somewhat from those seen in man. Instead of blou( 
platelets the frog has small bodies as spindle cells, which hav 
a similar function in blood clotting. I 

ARTERIES. In the fish the blood in the arteries flows from heart 
to gills before passing on to the body capillaries. In the frog 
tadpole this primitive situation still persists. In the adult, how- 
ever, the gills and their circulation arc eliminated. The blood 
from the heart flows forward and upward around the sides of 
the throat in vessels representing (as in man) three of the paired 
channels which in Ashes lay between the gill slits. 



A B c D E 

The principal types of blood cells in the leopard rrog. A, a normal red 
blood cell (erythrocyte). B - D, white blood corpuscles; B, a small 
lymphocyte; C, e large white cell filled with granules taking acid stains; 
D, a large white ceil with subdivided ('polymorphic') nucleus. £, a spindle 
ceU, associated with blood clotting. (From Noble, alter Jordan) 


Most anterior of these channels are the carotid arches, whii 
carry blood to the head. Behind them are a pair of much larg 
vessels, which carry the blood to all parts of the trunk and lirot 
These are the aortic arches. They run bade above the boi 
cavity and fuse to form a large median vessel, the dorsal aorl 
which runs back close to the backbone. A notable differen 
between frog and man is that the frog preserves both membf 
of the pair while in man that of the right side has been abandons 
and the dorsal aorta is continuous with the left arch. Mt 
posterior of the arteries arising from the heart are those whi 
lead to the lungs. These are also present in man as the pulmona 
* a. pp. 336-45. 
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^riaies. In the human condition they emerge separately from 
STheart; in ‘he frog, however, no such scpiiration occurs. 

VEil^s. Into the frog heart empty veias carrying blood from 
lie body organs. A pair of pulmonary vcin,s drain,s the lungs. 



Aritrlnl tjttem of the (ond Men rniin (lie vcnirnl liilu. Hic HIihnI leuvn 
tl» htitt through three faira or cimiiiieli. The mi»l iMucriiir (rmlmif 
ciMetnis ercbM), which ore mninlji fillcil by dtonygeiwied hlo»d frum 
IhelXKly.guitathelunftaad (0(lieikin(whichb imHCCenory hreatliing 
ilratoite). The mnln aortic arches eetry blotni to the iHHiy and llmbS". 
the most anterior (cBrotidi) tupply the head. (After Jtimnies) 


tm large vessels, anterior cardinals or venae cavae, bring 
ilood from the head, front legs, and skin. These are compared 
vith'the superior vena cava of man, which has simitar functions 
Hit has, become a single rather than a paired structure. Ffom 
hs bad part of the body comes the posterior vena cava, 
Injning kidneys and liver, Tliis large vein is cltaely comparable 
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With the inferior vena cava of man, the shift in namebein.1 
course, related to the changed posture of the body 
Blood from the leg and gut. however, does not pass di» 
to the heart; instead, the veins from these regions lead tocapi 

loixIDaiy 


cxlemil JufftiUr 



bto Jftom'hi'luii® I!*'!"'",, ‘‘™"’ »'*• The oxyg.rated 

AU other blood enters aI*'* via the pulmonary veins, 

flying behind the heai-. on*? v **** the sinus venosua 

enter the sinus- neima I® broken lines). Three mnln channels 

S nLoHnV •'’*'™^'«nlln8l veins (or venae cavae) and a 

the kidney (renar™ta“wtfih)°horor'" P»“ 

Mood from the Inwi j®'*’' ““ore roaching the posterior vena cava; 

S“beSr2^ organs -liv« and kidneys - through whichi 
of veins nr t *j**® main venous circulation. Such sys' 

and sends i^n r “ *** ^ooeives blood from the 
the liver, where part of the food content maj 
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pass to the major body structures^ while spent blood 

b^y should be pmupcd to the lung;. In man'^Jd 

!k**i.**™^*®*'' adequately solved. Both major mtn 

Jie heart - atrium (or auricle) and ventricle - have ini 
down the middle, a double-barrelled pump has been cnaii 
and the two blood streams are completely separatcraSJ 
passing simultaneously through the one organ. In the 
problem is so to speak, in process of solution. The 

SnSmtS"' “>• «»• «»«■: 


I 


fairly well separated. 

consists of two chaml,' 
The si«nt blood from the body first enters a thin-walled*’ 

^ f’ The two 4 

streams thus enter the heart separately. 

structural separaUon dour 
' ® L"®’® “ ^ structure and so is a final regb 

K weSd sS^ '®“‘* Mor aiterl 

^iresms would become hopebs 
t P“®^8e through the heart. 

that tileries* '’°®® '®’'® P’^®- will beta 

■ Sn th^rft^Wh ventricle farther fotwi 

^ SSte m 1 this topographic situali 

’’®th sorts bat withi 
‘’’®‘ fr®tn the lungs. Beyond: 
^ tmds to dirapt contains a peculiar spiral valve wh 

I S mtll^i '0 th® pulmonary arte 
’ ■ M scent blond tif vessels. When the ventricle contra 
.' ^biood behind Propcrly to pass to the lungs; 

i ' bade to thn«p the lungs, finds the passages lead 

ilhe arches reachSboSaSdhtS 

; ' ‘of blood stfeam«!*«»« “d head. The frog system of separat 
- .effectively. * P®™’ “uheshift; but It works fa 

' '®iiia^rclativdy f thoracic duct, lymph cira 

< th^‘ frog however t-h m man and other mammals, 

i ibdciiir ill* the form nf ? ^“Phstics are numerous. They md, 

hetween’ which ®^®® irregular shi 

Vhiph there is a sluggish flow qf liquid; A lymph 
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Item’ of this sort occupies a large area above the walls of the 
V cavity and below the backbone; still more important is 
ivholc series of lymph spaces which lie beneath the skin. 

ilation of this liquid is brought about through the presence 
I two pairs of small pumping structures, the lymph hearts. 
|e pair lies at the sides of the third segment of the backbone; 
other pair is near the tip of the tail bone. They pulsate 
irly and drain the lymph into the adjacent veins. 

GLANDS OF INTERNAL SECRETION * 

the frog are present essentially the same glandular structures 
lichform internal secretions in man, and the hormones formed 
them appear to be in general of a similar nature. Since, how- 
ler, much of the work on endocrines in recent decades has 
ffl done from the point of view of medicine and human 
[ology, our knowledge of amphibian secretions is not so 
implete. 

We have noted the presence of n well-developed pituitary in 
je frog. Here, as in man, this gland is of great importance not 
lyin its direct effects but also through its influence on other 
idocrines. An interesting item to the biologist lies in its influence 
the gonads. Many biological problems are studied through 
ivestigation on amphibian eggs and larvae. It was formerly 
isary to wait until the spring breeding season to obtain eggs 
T such work. Now it has been discovered an extra 'shot* of 
Ituitary extract may cause the laying of frogs’ eggs at almost 
jl ly season desired. The pituitary also has an influence on the 
» )loration of frogs. If it is removed the darkly pigmented cells 
^ f the skin contract, and the frog becomes pallid; injections of 
ll> ituitaiy extract restore the normal colour, 
id The frog thyroid is similar in function to that of man but 
d iers in that it consists of two separate lobes. Since the thyroid 
i« concerned with metabolism, it is but natural that it has been 
irfl )inid to be of great importance at metamorphosis - a time at 
hich the metabolic rate is vsty high. If thyroid extract is fed 
ilfr ) immature tadpoles, they change promptly into tiny adults, 
h [, on the other hand, the thyroid be removed from a young 
*ll| idpole, it may continue to grow and may even reach sexual 
ipji aaturity but never change from the tadpole body form. 

• Cf. pp, 345-52. 
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in which these muscle masses have eventually become 
liS into an intricate system. But the subdivisions have 
nlace independently in the two types, and there arc few 
u^n which we can be sure that frog and human leg 

■les are actually identical. . r • 

'h cartilage and bone are present m the frog; cartilage is 
Cmore common, however, in the amphibian than in man. 
of the skull fails to ossify. In the limbs of mammals, as 
have noted, the terminal portions form separate bony 
m^ses with ‘growing points’ of cartilage between them and 
Chaft’in the amphibians there are no such structures, and 
ends’ of die bones frequently remain in a cartiiaginous 

I?UNK SKELETON. In the frog the length of the body and, 
consequence, the number of segments in the backbone are 
ich reduced. In a majority of vertebrates (although not in 
Cl and his ape relatives) there is a long tail containing half-a- 
Ldred or more vertebrae in many case.s. In the frog the tail 
aioneer projects beyond the body contours, and of the tail 
Itebrae there remains only a spikedike structure termed the 
|Btyle,or ‘tail pillar’. 



gitaiftton of a common toad. Except In minor tlcinllSi ibid b identical 
Vtththeiiros Bkelcton. (After Jummes) 
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Equally remarkable is the reduction in the more anterior 
of the vertebral column. In most land forms the neck and 
together contain about two dozen vertebrae, frequently 
In a typical frog there are only nine. A typical vertebra 
of two parts, neural arch and centrum, although the two 
in the frog as a single bone. The arch encloses the spinal 
extends upward as a neural spine, and sends out on either 
an elongate transverse process. Both anterior and postal^ 
margins of the arch bear a pair of processes termed ^gapoph; 
by means of which the successive vertebrae articulate witli 
another. The articular surfaces on the anterior zygapopi 
face upward and inward, the posterior ones downward aui^ 
outward. The centrum is oval in section, concave in front, 
convex behind, each centrum receiving the projecting posteriu 
end of the one ahead. The first vertebra has,, anteriorly, a pali 
of concave oval surfaces which articulate with the s^II; tb 
last of the series, termed the sacral vertebra, has 
heavy, transverse processes which connect with the pelvic giidkl 
In nearly all vertebrates ribs are present articulating with tnin(| 
vertebrae; the frogs are notable for the entire absence of tlieii 
structures. 

HEAD SKELETON, The major skeletal structure of the heai|| 
region is the skull, enclosing the brain, sheltering the senst 
organs, and forming the upper jaws. The skull in the frog, as i; 
other living amphibians, is much flattened, and a considerab^ 
portion remains in an embryonic cartilaginous condition; 
hi other living Vertebrates above the shark level, two types oi 
bones are present - those which replace cartilage and the inonj 
superficial dermal elements. jFew replacement bones, howevet,’ 
are preset in this degenerate type ; of bones seen in the diagram] 
only three - sphenethmold, pro-otic, and exoccipltal - are of thii' 
nature. The remainder are dermal elements. But here, too,, 
many bones primitively present have been lost. At the bade oi] 
the skull, below and on either side of the foramen magnuig 
(the ‘big hole’ through which the spinal cord emerges), mo 
paired projections, the condyles, whicdi articulate with the first 
vegrtebra. Mammals, including man, also have two condyles, 
whereas reptiles and birds have but one. At one time it was., 
believed that this similarity indicated that the mammals vW; 
direct descendants of the amphibians. This, however, prov^ 
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' nn skull of Iho bullfrog wtn IVom dorsnl and ventral surfaces. Cnrtila- 
slnoas areas are stippled. Cerloin of the nerve exits are marked In Roman 
numerals, rand, occipital condyle i ex, exocclpllnl ; c.t( iinr, external nercs; 

If net fused frontal and purietal bonc.Si M ear, internal nnres; nut, 
maxilla! «a, n»a»li »"• “‘i' aurrotinding cur-drurai pal, 

nalatloe 1 pal, patasphenoid ; pinx, ptcmaxUlil ; pro, pro-otic j p(, pterygoid j 
quadretojugalj r/iiad earl, quadrate cartilage; sphelh, splicnclhmoid; 
squamosal I vo^ vomer. 

lOt to he the case, for we now know that early amphibians had 
mlyone condyle; the frog and mammal have in this regard 
lerely evolved in parallel fashion. 

Whereas the human jaw corisists of but a single bone, that 
jf the frog contains three bony elements of the ten or so primi- 
tively present in land vertebrates. In the throat region between 
the jaws lies a series of cartilages known collectively as the hyoid 
.pparatus ; they are the remains of the bars which in fish stiffened 
the gill arches. 

girdle and limb skeleton. In the bones of the appen- 
'ages and the girdles which support them, the frog exhibits inost 
of the elements found in all typical land vertebrates but in a 
rather specialized condition correlated with leaping habits. 

The pectoral or chest girdle, supporting the front legs, includes 
as a main dorsal element the scapula, corresponding to the 
kiiman shoulder blade; above is a feebly ossified extension 
termed the suprascapula. Below the arm socket a bone extending 
downward and backward is called the coracoid (the human bone 
of this name is a mere nubbin). Directly down below the front 
jof the scapula is the clavicle, the equivalent of the human 
collarbone. In the ventral midline is a fore-and-aft series of bones 
and cartilages which forms the sternum. 

! The pelvic girdle Includes a more or less circular structure 
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into the middle of which fits the head of the thiol, k I 

iH-, . a. .he pSW’£; s; 

^ vSuprvaeuitilA ^ 



WIeultf ciriij , 

nrhumenj ((|«ikiu) 


■ - wo. H.C.P. 8. : 

coiulderable cartilans may remain *u.n u .if *“ ®whhge, and 

the girdle are scapula and eoracoid. In the Mni*' 'I’"'" 

ST ■>^^“.srri£ . 

ra^l“T n third, the publt; 
unossified. amphibians) this bone tends to remab 

a contains in normal fashia 

brate exhibits two bones radiuT Md ® 

are fused into one The wrisf^n* ‘''®‘ 

smaU elements; b'eSid «»«tainB half-awloan 

' making up the toes. Four toes are Pbalangs 

short; an inner spur sometime «. ‘^veloped, although 

niii m consists of a ' ' 



-.eaBn^r ^ pubic cartilsgo 


bone, regarded as a 
fusion of the tibia and 
fibula normally pres- 
ent. B^ond lies ;tl» 
tarsus, or ankle bones, 
Here is still another 
peculi^tyofthefirog. 
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Typically, the tarsal bones (like those of the wrist) are tiny struc- 
t^s In the frog, however, two proximal elements (astragalus, cal- 
caneum) are much elongated. This development has the result of 
a third segment to the hind leg and greatly increasing its 
effectiveness in hopping. Five toes are present in the hind foot. 

LIFE-HISTORY 

The development of the common species of frog takes place in 
a water environment, the streams or ponds in which the eggs 
[are deposited in the spring breeding season. The egg contains 
a modest supply of nutrient yolk and furnishes a food supply 
for the embryo during the stages in which the major body 
slmctures and the tadpole body shape are acquired. Hatching 
soon occurs, however, and the larva, hardly larger than a pin, 
must seek its own living. The tadpole is, of course, markedly 
different from the adult both In general appearance and in many 
sttuctural features. There is a powerful tail, used as a swimming 
organ; limbs, on the other hand, are absent until a late period. 
Lungs ate not developed, and breathing is accomplished by 
j ppans of gills. The adult frog is an eater of animal food, but 
the tadpole, on the contrary, feeds on vegetable material. In 
relation to this, we find many differences in the mouth and jaws 
between tadpole and adult, and even the intestine is built on a 
different plan. 

The period of tadpole existence is of variable length in frogs. 
In some species the entire development takes place in a few 
weeks; on the other hand, the bullfrog .spends several years in 
the tadpole stage. Eventually, in any case, comes the period of 
metamorphosis, the change of bodily shape which turns tadpole 
into frog. This process involves a marked reorganization of 
almost every part of the animal’s body. The tail is resorbed; 
the limbs grow out (the hind legs appearing first), the gills 
disappear, and lungs develop; the long, spirally-coiled tadpole 
intestine changes into the relatively short adult structure; many 
head structures are radically reorganized. 

These changes accomplished, the frog becomes a potential 
land dweller. With further development in size and proportions 
and the growth of the sex organs, the frog, by the time of the 
IxeediDg season of the next spring, has arrived at maturity. 
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The Origin of Reptiles 

In contrast with the conservative mode of development oftl# 
amphibians is that of the reptiles and the higher tetrapods derived 
from them. The reptile has evolved a type of egg which can be 
laid on land. No aquatic life-stage is necessary; emandpatioi 
from the water is complete. 

THE LAND Eoo. This reptilian egg has a complicated stiuc 
ture to which we must devote some attention, for many of the 
architectural features first attained here are stiil persistent it 
the wrappings of the human embryo. 

The developing amphibian obtains its oxygen and most of its 
food from the water and excretes its waste matter into the water 
again; the water also protects it from drying and against 
mechanical injury. In the reptile, if the water-dwelling stage ii 
to be omitted, substitutes must be provided for these advantages 
which will carry the youngster through to a stage where it cao 
make its own way on land, 

As a food supply for the embryo, the egg of a reptile or bird 
contains a large amount of nourishing yellow yolk which, at | 
the embryo grows, is contained in a sac connected with the ' 
digestive tract. A large sac, the amnion, develops about the 
body of the embryo. This liquid-filled sac affords protection 
against iryury and desiccation; it is a substitute for the am- 
phibian's natal pond. Out from the back end of the embryo's 
body there grows a tube and sac, the allantois, in which the 
waste matter of the body is deposited. The whole egg structum 
. is stiSened and protected by a firm shell on the exterior. The 
shell, however, is porous ; beneath a portion of it lies a membrane 
pertaining to the allantois, ridily supplied with blood vessels, 
This acts as a lung, taking in oxygen and giving off carbon 
dioxide; and it is an easily confirmed fact that a reptile or bird 
egg if submerged in water will drown as surely as an adult; the 
wntained embryo ceases to grow, and dies. 

By these structures - yolk sac, amruon, allantois, and shell - all 
the needs of the developing reptile can be cared for; the need 
for a water-dwelling stage is eliminated, and the embryo can 
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fjgvelop directly -and more per- 

towards a purely land 

Utence. which it assumes im- 

^atdy upon hatching. We . 

tave here for the first time aj 

uue land form. complctelyl| 

gjiancipated from the water. \ 

While the shift in type of de- 
velopment seems obviously the 
major advance of reptiles over 
amphibians, there have been 
other structural changes as well. 
Limbs and backbone, muscles, 
hmffl, heart and blood vcs.scls, 

} kidneys, and many other struo- 
! tutes have become better adap- 
ted to land life, and in the brain 
there is present the first trace of 
the higher centres in the cerebral 
hemispheres (the neopallium : cf. 
chap. 17 ) which were to play a 
major role in the mental evolu- 
tion of the later mammals. 

STEM REPTILES. Living rep- 
tiles Include only a few groups, 
mainly turtles, crocodiles, liz- 
ards, and snakes ; they are vastly 
overshadowed in importance 
today by the birds and mam- 
mals descended from them. In 
the Mesozoic, the Age of Rep- 
tiles, however, the reptiles were 
esc^dlngly numerous and varied 
and included many groups now 
extinct. These forms will be 
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GcncrfiU7.c<l JiaKfum of the enifiryonJc 
mciiibrunes of the higher land venifr* 
brales (anuliolcii)- 'Ilie developing 
enihryu Is surrounded, escept vein, 
rally, by a Wtiuld-rdicd cuvity wlilcb Is 
enclosed by ilie amnion, u membrane 
cantinuau.v with the shin of the eiii- 
biyo. Developing from Ibis and, as 
shown In the diagram, conliiiuous 
with It at an early stage, is a second 
menibruiie, the chorion, which Ilea 
beneath the shell. Two tncinbranes 
grow out from the embryonic digni’ 
live tract; u yolk uc, directly below 
the embryo, is tilled In reptiles and 
birds with a large mass of yolk ; from 
the back end of the ipa grows out the 
allamuls, which enn function a* an 
embryonic bladder. Blood vessels sur* 
rounding it may Carry to the enibfyo 
oxygen which has passed in through 
the porous shell of the egg In reptilea 
and binb, so that the allamnii may 
function ns an embryonic lung. In 
typical mammals tlie chorion comes 
Into close contact with tlia surround- 
ing maternal Ussiics to form a 
placenta whereby the embryo obtatnt 
nutriment from (he mother; in such 
cases the blootl vessels rtf the allantois 
carry the nuiriUye maieriala frtnn 
placenta to embryo. 


deacrlbed in succeeding chapters; here we shall merely consider 
the earliest reptiles, first types to attain a land type of egg. 
These extinct progenitors of the reptile dynasties are technically 
known as cotylosaurs but popularly and quite appropriately 
have been termed *stcm reptiles’. The first traces of them are 



MAN AND THE VERTEBRATES 


83 

found in the Carboniferous, in the deposits formed intliegiHH 
coal swamps when the amphibians were at the peak of theif] 
development; stem reptiles were still flourishing in the 
last of the Paleozoic periods. 

A typical stem reptile is Seymouria, shown in our illuslratiom 
(The creature takes its name from the Texas town near whitk 
its remains were discovered.) In appearance it might be con 
pared with some of the larger and more sluggish lizards; bii 



structurally it was much more primitive than any sort of lizard, 
The limbs were still of the short, stubby type found in the oldest 
amphibians and sprawled out sideways from the body. Indeed, 
so close is Seymouria in many skeletal features to the early 
amphibians that, in default of actual fossil knowledge of eggs 
of this form, the academic question has been raised as to whether 
Seymouria was an amphibian which was almost a reptile or, 
on the other hand, a reptile which had just ceased to be an 
amphibian. This debate, however, merely emptuisizes the point 
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that it l3 the change in development which is the important 
fea tiim in the history of reptiles ; without this, the great radiation 
of the group and the many structural advances and changes 
never have been accomplished or effectively utilized. 

During the Permian the stem reptiles branched out into a 
■n iimher of varied lines. But their fate has been that of the foun- 
ders of any great line of evolutionary development; from them 
arose many more progressive groups, and they themselves soon 
vanished from the scene as the true ^gc of Reptiles began. 



CHAPTER 6 


Ruling Reptiles 

Once the primitive reptiles had been freed from the resttictlon! 
of their ancestors’ aquatic existence, there began a great radiatioii 
of the saurian types which were to dominate the earth dutioj 
the hundred million years or more of history known as thi 
Age of Reptiles, or Mesozoic era. 

REPTILIAN LOCOMOTION 

PRIMITIVE WALKERS. In HO Way is the great diversity of tie 
numerous reptilian groups better shown than in their locomotor 
adaptations. The gait of the primitive land forms was an % 
ceedingly clumsy one. The limbs were widely sprawled out at 
the sides of the body, the trackway broad, the step short, the 
walk a slow and waddling one. Such a type of walking is i 
hausting, for much muscular elTort is needed merely to keep the 
body off the ground ; the attainment of speed or the development 
of large size is impossible. 

The turtles in their armour, oblivious to the world, have 
retained this old-fashioned mode of locomotion to the present 
day. The lizards have become somewhat slimmer-legged, foiu- 
footed types, but have not improved their limbs much and have 
amounted to comparatively little. The snakes, their cousins, 
have abandoned limbs altogether and evolved their own peculiat 
style of progression. Several reptilian groups have dodged the 
issue by returning to the water and reshaping legs into hnlike 
structures. 

Some reptiles, the forerunners of the mammals, remained 
four-limbed land dwellers but improved their method of walking, 
with important evolutionary results; in a later chapter we shall 
discuss these ancestors of oum which tucked their legs under 
their bodies and became efficient four-footed runners. 

THE EVOLUTION OF BIPEDS, Here we shall tell the story 
of a second reptilian group in which better running powers 
were attained but attained in quite a different way - the story 
of the archosaurs, or ruling reptiles. Today these forms are 
repesented only by the crocodiles, a rather unprogressive and 
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i nr<ter* but the extinct dinosaurs and flying reptiles 

Jegenewte o > descendants of tins 

jyling reptiles were the dominant forma on the land 
sS during the Mesozoic, and the evolutionary story 
Se ofReptiles is in great measure one which teUs of the 
'SdfeUof the grchosaurian dynasties. 



An outtoo of (h« phylogeny ol' the ruling repllles. From the pnmillve 
,...^1. nsme the crocodiles, flying reptiles, uml the two great orders or 
dinosaurs, while the birdn linvc ulso descended from this group. 


Speedy locomotion in archosaurs was obtained by running 
not on all fours but on the hind limbs; among the ruling reptiles 
i were the world’s first bipeds. How this sort of process might 
have started may be seen among some lizards of today, such 
I u the ‘mountain boomer’ of the south-west U.S. A. When great 
speed is necessary, the front end of the body is lifted from the 
groimd and balanced by the long tail. The inefficient front feet are 
relieved from duty, and the better-developed hind legs catty 
the whole weight of the body swiftly foiward until the burst of 
sp^is over, and the four-footed posture is again assumed. None 
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of the lizards has ever become a true biped; the ruling 
belong to a quite different stock but had a parallel early histoi;^ 

PRIMITIVE RULING REPTILES 

The ancestral archosaurs come into view in the Triassic, ftato 
the Mesozoic periods. These progenitors of the dinosaurs no 
birds were comparatively small creatures. The more genetalia 
types had an average overall length of a yard or so, s gtg 
portion of this being included in the long tail. In appearagg 
such an animal as little Ornithasuchus would probably 
resembled a fairly large modern lizard. Structurally,,howv(i, 
the differences were great. The front legs were short, thehlsf 
, legs very long and much rriodified. 

Such a creature was still able, when resting or progress'mi 
. slowly, to walk on all fours. But when speed was necessary, ilitl 
small front limbs were lifted from the ground, and speedy W 
legged running became the order of the day, the weight of tit 
tilted body being balanced by the long tail. 

It is from such ancestors that there came the crocodiles, 
dinosaurs, flying reptiles, and birds ; with the development ol 
these little bipeds the ruling reptiles had begun their career. 

The history of the group has not been a simple one. Fiomthk 
stock came not only the prominent groups mentioned abow 
. but many short side-line ’experiments’ which were quidd; 
abandoned. For example, during the Triassic some of thes 



Skeleton of tbe primitive ruling reptile OrnUhosuchus^ This Triassic fossil 
reptile wes about 3 feet long (tall included). (Prom Heiltnann, The Origin 
qf Birtba by permission of D. Appleton - C^tury Co.| publishers) 


primitive archosaurs tended to take to a water-dwelling lifi 
abandoned the bipedal habits already begun, and, as phytosavu 
became common Triassic animals, represented today by fossil 
from many parts of the world. These forms were quite simila 
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, ^diies in size and appearance and probable habits; for 
1 “ Lathing while lying in the water the nostrils were 
stoated in a ‘crater’ rising above the eyes. 



Restoration of OrnUhosmlua. n primitive ruliiiB rc|>lilc. AltltoUBli 
differUiB Bteatly In liiteriiiil structure, such a tltnosuur uncestor would 
1„« looked rather like ii lizard. Probably when unhiinicd. tins inle 
Kptile was still a four-rooted walker. (Front Hcllmann, 

BM, by permission of D, Appleton - Century Co., publishers.) 


CROCODILES 

The crocodiles were fully evolved by the following (Jurassic) 
Mtiod and replaced the phytosaurs as water dwellers, The 
phytosaurs were not the ancestors but the ‘uncles of the croco- 
diles, which represent a parallel evolution Irom the primitive 
ruling reptile stock. The modern alligators, crocodiles, and 
gavials are a rather retrogre.ssivc group of ruling reptiles. These 
ciiig g ish creatures have wandered far from the bipedal pathway 
which their early ancestors had taken, although they have still, 
one may note, the long hind legs and short front ones that are 
characteristic of the group. Tliey alone of ruling reptiles, however, 
have survived, secure in their specialized position in the world, 
while their more ambitious reptilian cousins have had their 

splendid day and have gone. _ j., . . . j i 

I The one conspicuous advance in crocodiles is their develop- 
ment of a false palate. The inner opening of the nostrils in a 
primitive land form lay in the front of the mouth. This is an 
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awkward position fortfei 
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the chances of shippi„.* 

^iile breathing areconsiJes 

Wo have noted that tla, 
tt)Siiuis had moved tho nd 
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thus sliortened the disi®, 
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mechanism. The npstriisra 
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stocks. reserved for members of other reptiliir 


t'LViNQ REPTILES 
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iw|t pf wings- Organ- r entirely newiw 
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L by the ancestors 
I the birds, as noted 
Iter; again, and for 
iie time more suc- 
Bssfully, by the flying 
btlles. 

'The pterosaurs 
^winged reptiles’), or 
iterodactyls (‘wing- 
^gered’), were com- 
Ln forms during the 
larassic, middle period 
bf the Age of Reptiles, 
[be remains of these 
ind many other con- 
OTporaryanimalshave 
)een preserved in con- 
liderable numbers in 
German lithographic 
itone deposits such as 
that at Solenhofen, 
These deposits appear 
to represent fine sedi- 
ments which settled in 
the bottom of ancient 
coral-reef lagoons, and 

1 'ih them are preserved 
many delicate struc- 
tures such as jellyfishes 
and wing impressions 
of pterosaurs. A good 



The Bkclelon of RImnfhwhyncIms, o loiiu-lollcil 
Jurussle pterosaur. Abiiiit piic-roiirili imtiinil site. 
Iinpressioiis of the sol’i lissiics ol the Itiil rudder 
and wing nienibranes are uficn preserved* The 
wings wore auppuricil by one very long and 
powcrlul linger (llie fourlli). Tlic aiUer niigera 
were shun and. with lire rccbic bind Icga, were 
probably used for cluiching purporars when at 
rest. (From Wimstoii, The (Menhiey yf Ihe 
RepillcSi by permission of the Harvard University 


example of a primitive 

flying reptile was Rhamphorhynchus (not a bad name to spell it 
sprinkled liberally with h's), shown in our figures. This was a 
(jeataie about a yard in length, with a long beak armed with 
I sharp teeth, a short body, and a long tail tipped by a steering 
rudder. The hind legs were slim and feeble ; but the front legs 


I were' powerful wing supports. 

In the hand the first three fingers were short and armed with 
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^inosauis were descendants of the primitive ruling reptile stock, 
here were two quite separate groups of them, each containing 
fiiumber of remarkable types. 

the TWO dinosaur stocks. These two groups are termed 
cientiflcally the Saurischia and Omithischia, meaning ‘reptile- 
Ike pelvis’ and ‘bird-like pelvis’. The pelvis, or hip bones, offers 
ia fine key character for distinguishing between the two dino- 
laurian types, and we shall dwell for a moment on the techni- 
alities of hip construction. - 

The hip bones of any land animal consist of three parts. Above 
he socket for the thigh bone is the ilium, fused to the backbone. 




Tie rlshl pelvic bones ol dinosaurs, to show the contrast between the 
two great orders. Ltfl, the triradiate pelvis of u replllc-like dinosaur 
(Older SAumacHiA). Rtsht, the totraradlnle pelvis of u bird-ime form 
(order Ornithischia). In each cose the socket (a) for the thigh bon^ 
bordered by three elcmenia : the Ilium above, the pubis below and towards 
the front, the Ischium below iind towards the back, In the blrd-llke form, 
however, the pubis is two-pronged, with an anterior process (op). 


Below the socket lie the pubis in front and the Ischium behind. 
In primitive land dwellers these last two form a solid plate* 
In early ruling reptiles, however, the two have diverged con- 
siderably, the pubis slanting down in front, the ischium running 
dovm behind. This makes a three-pronged pelvis, each of the 
bones running off from the hip socket at a considerable angle 
to the others. 

This type of construction, not so far from that of ordinary 
reptiles, still persisted in the saurischian, or reptile-like dinosaurs, 
including the flesh-eaters and the giant amphibious forms. In 
the other order, the Omithischia, or bird-like dinosaurs (including 
among others the duck-billed dinosaurs and the armoured and 
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tenstic four-pronged lypc of pelvis Tiiie ^''"neatl^ 
said similar to that found in birds • but ‘J. '“*'4 
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Old mud flats of the Connecticut VaVr^Lm 
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I j-terBjting feature of dinosaur anatomy. In many dinosaurs 
i&a bipedal gait the main reliance was placed on the three 
toesj the outer one was lost, and the inner one often 
med back as a rear prop. In this arrangement we have an exact 
Slel even to the number of joints and comparative length 
rf toes to the structure of the bird foot. These footprints were 
tov^d over a century ago. At that time dinosaurs were 
jmost unheard of, and the tracks were (not unnaturally) long 
bought to be those of gigantic birds! 

SMALL CARNIVOROUS DINOSAURS, Wo Shall first Consider 

Ihe history of the Saurlschia, or reptile-like dinosaurs. These 
^ already abundant in the late Triassic. The early fonns were 
|omparatively small, swift, flesh-eating bipeds, as were some of 





Tho elojlls of soma ruling rcpUlGs to 6how tbt elmiluritjr of the putlern In 
the group and some of the modlScations. Upper left, a smnll ancestral 
pwiiiber of the group {Euparkerla). Upper rtshi, the giant carnlvototu 
dlnouur Tyrmnoiourusi a large skull with huge sharp teeth suitable for 
a floh-eeler. Loiter loft, Dlpleiotus, an amphibioiis plaat-euler, with a 
f«hle deatltlon. lower rig/it, Siegnsaurm, u blrd-likc dinosaur, a herbivore 
with a toolUess bill and clieek teeth somcwhul adapted for chewing, 

the stem archosaurs mentioned previously; little change was 
needed to turn one of these old forms into a primitive reptile-like 
dinosaur. Bipedal flesh-eaters continued to be the main stock 
ofthesavrischians throughout their history, and many of them 
long kept to a small size. The small form Compsognathus, for 
exainple, shown in our illustration of the Solenhofen lagoon, 
was no l^ger than a rooster. This little type presumably preyed 
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Ige sizB, seem from their teeth to have been changing to a 
W diet and (in con'elation with their considerable bulk and 
^ened need for speed, ns plant-eaters) appear to have been 
taping back into a four-footed method of walking. 

I From such beginnings came the great amphibious dinosaurs, 
L jauropods, the largest four-footed creatures that ever o.\isted. 
fhey were present throughout the Jurassic and Crctaceou.s but 
Lm to have reached the peak of their development at the end 
F the fn’T^<*r period. Numerous remains of amphibious dino- 
saurs of that age have been quarried in the western U.S.A., and 
fine such deposit (at Jense, Utah) has been preserved as a 
Rational monument. 

i Brontosaurus and Diplodocus are among these large creatures 


^hose remains form a major attraction of many museums. 



The skeletoa ot the urciit uinpblbiuus dinosuiir iilphdm-iis, 
87) feet. (From Hollund) 


lenKth, 


■Diplodocus, at eighty-seven and a half feet, holds tlie length 
record but was rather slinily built and was far from tlie heaviest. 
Twenty-five to thirty-five tons is a fair estimate of the weight of 
«n average full-sized member of the group, in all tliesc forms 
we find a massively built body, powerful limbs with a four- 
footed pose (but the front legs usually much shorter than the 
hind), a long tail, and a long neck terminating in a small head. 

The head seems absurdly out of proportion to the body. The 
eyes were high up on the sides and the nostrils sometimes at the 
very top of the skull above them. This position i.s like that of the 
‘blow-hole’ in whales and is one of the reasons for believing 
that these giant reptiles were amphibiou.s in their habits, .spending 
much of their lives in the water; tlie animtil could breathe and 
see with only the top of the head exposed above the surface. 

The jaws were short and weak, the teeth feeble and few in 
number. It seems almost incredible that such a feeding apparatus 
could have gathered enough material to supply the huge body, 
although the fodder may have been some soft type of water 
ve^tation which could be cropped with little eiTort. The brain. 
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l^eight of the bone of the spinal column was a considerable 
tden in itself; this weight had been reduced by hollowing out 
■ sides of the vertebrae, leaving only the essential framework 
Ithese bones. _ 

^he hind legs were very massive and appear to have been 
iite straight, weight-bearing columns like the limbs of elephants, 
he front legs, usually much shorter, and thus reminiscent of 
Le anim als’ bipedal ancestors, bore less weight and may have 
^ a bit crooked at the elbows. The feet seem to have been 
to rounded pads with two or three iarge claws which would 
to been of aid on a slippery bottom. 

:Even with these stout legs it is difficult to see how these 
Inosaurs ever walked on land. The elements of physics show 
jiat there are natural limits set to the possible size of a four- 
boted land vertebrate. The weight of an animal varies in 
bportion to the cube of a linear dimension. But the strength 
if a leg, like any supporting element in engineering, is pro- 
lortionate to its cross-section, which increases only by squares, 
f a reptile doubles his length, his weight is about eight times 
as great, but his legs are only four times as strong. 
Hence in large animals the bulk of the legs must 
Increase out of all proportion to tlic rc.st of the body. 
An elephant does not and cannot have the slim legs 
of a gazelle; and in the case of tliese great dino- 
saurs it seems doubtful if their limbs, stout as they 
were, could have effectively supported so many tons 
on land. It thus appears 
probable that the suuropotls 
were amphibious typos which 
spent most of their lives in 
lowland swamps and lagoons 
where, buoyed up by the 
water, problems of support 
and locomotion were greatly 
simplified. 

The giant of the group 

Sreciluimniir, the largest known dinoSRUr, rrti.:- p — 
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jjrasslc type which ranged from about eight to twenty feet in 
(gthin different species. The early birdlike dinosiiiir.s were, like’ 
Primitive saurischiansi bipedal in fast locomotion, but the 
bnt legs were usually comparatively little reduced, and these 
iimals (as the figure suggests in the case of Camptosaums) may 
ell have strolled about on sdl fours wlicn not particularly 
iirri&d. 

A major difference between these biidlike forms and the other 
inosauis lies in the fact that all had abandoned a carnivorous 
fe and were herbivores from the beginning. In connexion with 
lis mode of life, almo.st all of them had lost their front teeth 
od replaced them, it would .seem, by a stout, birdlike, horny 
eak, The teeth in the back of the jaws were no longer pointed 
ut were leaflike chewing teeth with rough edges. What each 
rath lacked in grinding power was often made up for by an 
icieasein numbers; in some of the duckbills mentioned below 
aere were somewhere between fifteen hundred and two thousand 
seth in the mouth at one time. 

duckbills. In the Cretaceous, bipedal birdlike forms were 
bundant. The prominent group was that of the duckbilled 
linosaurs, or trachodonts. These were large forms, exceedingly 
lumerous in the late Cretaceous of North America, and many 
kulls and skeletons are known. The name arises from the fact 
hat there was a broad, ducklike beak. The limbs were massive, 
ind probably they were ftir from speedy. In .several cases tliere 
lave been found ‘mummies’ of these duckbills. The dinosaur 
rairpses had dried and hardened before being buried, and the 
lurroundiag mould of rock has caused the formation within it 
)f a natural cast of the details of the skin. These mummies sliow 
hat the duckbills had webbed feet and presumably vt'cic arn- 
jhibious in habits, feeding in swampy pools or about their 
nargins. 

A curious event in duckbill history was the development of 
xtsted types. In some forms the bones about the nasal oi>ening 
were swollra to form a sort of ‘eagle beak’. In another type 
there was a thin domelike swelling over tlic top of the head 
shaped like a rooster’s comb but made of bone. In others back- 
ward growth continued, to form a sort of horn projecting up 
and back over the neck region. It is of interest that all these 
peculiar structures were formed on the bones of the nasal region ; 

h'-J - ■ 



lOO man and the vertebrates .1 

nature had, so to speak, taken the animal’s nose and tmlled 
up over the top of its head. We ha;Ve little idea what fim^' 
(if any) these curious crests and horns performed. Possibly th 
held a reserve store of air for use in underwater feeding 

TWO ARMOURED TYPES. Since all the birdlike dinosa# 
were herbivorous in habits, speedy locomotion was of 5^ 
only in escaping from their carnivorous cousins. We find Hw' 
several groups of ornithischians had (parallel to the deveir 
ments in the other group) slumped back to a four-footed mS 
of life but with their ancestry clearly shown by the short ftoni 
legs. Thwe slow-moving types invariably were armed in son; 
way against attack by tire great flesh-eaters. Even in the slen 
aichosaurs there is frequently found a double row of small bony 
plates down the length of the back. In Stegosaurus of the Jurasdt 
these protective devices had been put to good use. They had beai 
expanded upward to form a stout double row of bony phta 
covering the back and two pairs of sharp spikes near the tip oftk 
tail. These structures obviously were useful in defence agsiiBi 
attack from above, but the flanks appear to have had little pro- 
tection. 

In the Cretaceous we find a different type of armoured dine 
saur in Ankylosaurus and its relatives. These forms have \m 
not inaptly termed reptilian ‘tanks’. The body was broad an! 
flat and studded with a heavy scries of bony nodules forming! 
protective layer not dissimilar to the upper shell of a gian 
totle. These dinosaurs could not pull their heads and limb 
into the shell as could the turtles, but these parts were als 
protected, for there were plates of bone to reinforce the skull 
tod large spines projected out at the sides to fend off enemia 
from the limbs. 

HORNED DINOSAURS. A final development in four-footed 
birdlike types was the appearance, in the late ^Cretaceous, of 
the homed dinosaurs such as Trlceratops, In these forms tht 
trunk appears to have been barren of any defensive structures; 
eve^thing was concentrated on head development. From the 
back of the skull there extended .out a broad frill of bone which 
covered the neck region (a favourite place for attack). Then, 
too, there developed on the skull stout bony horns. Two of 
thOT were usu^y present over the eyes, much like the horns of 
cattle,, and a third was usually present on the nose. An interestin 
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miops, in Mongolia. This 
jijKill animal belies its name, 

for them werealmostnotraces 
bfhoms; the neck frill, how- 
ever, was already well 
developed. 

extinction of dino- 
saurs. These horned forms 
were Very abundant in late 
Cretaceous times, as were 
most of the major group.s of 
dinosaurs. But at the end 
of the Cretaceous all of them disappeureil coinplctdy; the reign 
)ftbe ruling reptiles was over ; the Age of Rmniles was at im end. 
\Vhat caused the extinction of the dinosiiuis is a t|iic,stiim to 
which no single or certain answer can he given. U Is tihviiuis 
that the carnivores would necessarily luive died nut witli the 
extinction of the herbivorous types upon whicli they preyed. 
For these latter, changes in vegetation, ilte gi iulual disisppL'araiice 
of the plants upon whicli they fed, and Ilie repliiaanent ni these 
plants by others which were not suittililu for dinosaur lood may 
liave been important factom leading lowaiil extinclion. Many 
dinosaurs, as we have seen, were lowland swamp and laguon 
forms; and at the end of the Cretaceous land areas were rising, 
with a consequent reduct ion in such typos ofcniiniry. In addiiiun, 
there is distinct evidence of a chilling of tlie eliinaie in Mnrih 
Aui <if i w at this general time. All llicse factors can, imuo tir 
directly, be traced to one major geoiugii: cvenl of die titnes 
-the rise of mountain systems, particularly the Rockies. This 
event, by raising land levels, hud coitsidcralile inllucncc on 
diniates and physiograpliy and secondarily on plain and aniiiul 
life, Perhaps the Rocky Mountains killed die dinasaurs! 



CHAPTER 7 

The Origin of Birds 

The birds are a group of interestingand often delightful creill 
Which are regarded as forming a separate class of vertebSl 

S “'V sort of animal could fe 3 

ap^ from their powers of flight and features connected witl 
they are structurally similar to reptiles. Indeed, it is becaure hi 
Me so close to the ruling reptiles from which they are descL? 
that we may best consider them here. 

THE STRUCTURE OF BIRDS. Birds have been called bl 
old writer glorified reptiles’. Feathers are, in reality 2 
thar only distinctive feature, for almost every other chaJl 
can be matched in some archosaur type. Large quills foS 
expanse of the wing taking rise from the back of the foream 
and from the three fused fingers in which the wing terminate t 
The fleshy part of the tail is reduced to a short stub ; from it them' 
arises a spreading fan of feathers, which is an effectrsS; 

covered with a thick, overlappinj 
'f feathers which forms a very effective t 

au lation for the retention of the bird’s bodily heat i 

'‘'■® warm-blooded, that is, they have a' 
high and constant body temperature (in some cases^ several 
degrees above that found in man). This requires a large supply 
of oxygen good lungs, and an efficient blood circuiaffon. W 

Wood streams in lower land forms. The birds 
have evolved as efficient a circulation as our own, with a four- 
chambered heart and but one main vessel (or aortic arch) carrying 

® t*''® evolution in bS3 

^ken place independently, of that in mammals, for while thl 
mam vessel in man arches over to the left of the body, the biJ 

^ The^’nistina ^ ''®“®’ t*^® "Sht si3 

•^e nesting habit, contrasting with the usual lack of care I 

SflShf tL“^™ developed in connexiol 

b^dV r ‘^® maintenance of 
body temperature in the embryo. Further the necessity J 

training for the complicated business of flight seems to haJ 
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MASS-BURIAL (ofeoVf). In fHOSl 
cases only one or a few indi- 
viduals are Found lojtellier in 
fossil deposits^ At times, how- 
ever, there are discovered areas 
in which large numbers of ani- 
mals died and were buried to- 
gether. This figure represents a 
slab d'xS' in size, containing 
the skulls and other remains of 
12 large flatheaded Triassio am- 
phibians as found in the heid in 
a layer which inciuded originally 
perhaps 100 animals. (Specimen 
in Museum of Comparative Zoo- 
logy, Harvard.) 
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AN ENEMY OF THE ANCIENT VERTEaHATES. In Ihi 
posils of the Silurian there are often found, T 
renmins of the oldest ftshes, the skeleioiunf 
ancient water-dweliing arachnids related to £ 
and the horseshoe crabs. These were piedg„ 
much larger than the contemporary verteb£ 
j<ir«.t, shown here, reached a length of eHiJ 
most of the fishes of those days were but a Ini 
length. (From Clarke and Ruedemann.) 
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siA SQUIRTS. Members of this primitive chordate group, known as asadltu 
tunicates, are found attached to rocks or other objects in marine waleis;" 
appear like little sacks with two round openings. Upper left, pan of a colon] d 
tunicates [Molfula manhaftatah) growing on a wharf pile. Right, a model i 
the internal anatomy of such an ascidian. Water is brought In through ihe 
at the top, strained through an apparatus corresponding to the gills of vert 
and eapmled through a lateral orince. Food particles pass down into stoium 


Intestine. The nervous system consists only of a small ganglion from whltlii 
fibres radiate, and the adult lacks a notochord. ^Photographs courtesy Aimii 
Museum of ISatural History, Hew York.) 


THE LARVA OF A MA SQUIRT (Joiryllus) (above). About 60 times natural sat 
ttny animal contains in the large 'head’ most of the structures found In the i 
The tail contains a nerve cord and notochord, visible in the photograph. A 
Sliming about for some time, the head’ attaches, the tail Is resoroed, and 
Malt tunicate develops. (Photograph copyright General Biological Supply Ho 
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irHioxus, a chordate relative of the vertebrates, is a small translucent marine 
limal At the top is an external view. Below this is a photograph of a model to 
i)W the internal anatomy. In this the animal is represented as if cut lengthwise 
le to the midline, the ‘head’ end at the left. The prominent white band running 
length of the body is the notochord. Above it (in black) is the nerve cord, 
^lly expanded anteriorly in the position of the vertebrate brain. The striped 
above the nerve cord Indicates a section taken through the muscles; the white 

i iie tin supports. 

otv the notochord the digestive tube occupies much of the body, from the mouth 
) left to the anus beneath the tail Hn. Nearly half Che length of the gut is 
li^ by the gill region (pharynx), with a highly developed lattice-work of gills. 
I is no distinct stomach ; the hind half of the gut is a simple, straight imestine. 
this a pocket branches off in front as the liver; this extends forward, mostly 
lalod in the model by the gill 

•At, a photograph of a young 
ilexus in which most of the 
mestructures are readily seen. 

K gill lattice-work, however, is 
It BS.highly developed, and the 
(erior extension of the liver 
:is more readily visible. (Photo- 
iphs above courtesy American 
useum of Natural History, 
w York; larva from photo- 
iph copyright by General Bio- 
gcai Suppv House, Chicago. 




:aoK LAMPREYS SPAWNINO. The eggs are laid in a shallow ‘nest* scooped out in 
e beds of a brook. The eyes and round gill openings are well shown. (Photograph 
imesy New York Zoological Society.) 
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WED LUMGElSH. The African and South American lungfish have the ability to 
iDW into the bottom and pass the season of drought in a mud ‘cocoon*. It has 
a found that the African form IProiopierus), illustrated here, can be persuaded 
form its cocoon in a tin can and thus be readily transported. When desired, the 
I may be opened and the fish removed ; on placing it in the water it soon resumes 
normal activities. This potentiality of passing a hot or dry season in a condition 
reduced body activity is termed aestivation and corresponds to the hibernation 
many animals in cold climates. Above are shown stages in the opening-up of a 
ined lungfish. On the neat page is shown a specimen in an aquarium shortly after 
noval. (Photographs copyright General Biological Supply House, Chicago.) 
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' 5?,“-'“ •'Umber of regaidi® 

WtJT^ , . ^ retain many Teatures to be exmcb' 

ancestors of land types, cffi- 

Ji' ^°'^?“^™OSSOPTERYall). Irf 

Aniples of which are illustrated^ 

Jion of Eusthenopteron. a fossil m 

,"/ L“"'^“f™f™qwmlyfoilnd“Ara 

KBr ■•i enough to support It, as 

■ sS.i;»b.»3 

. . . oouth African coast. This dui' 

ized side line of the lobefin stocli fp«., ™ '® obviously a highly sw 

^ciety : Eusthenopieroti, from 2 «urlesy New Yorlf /oo^ 

W. K, Gregory; courtesy American Museum 'he dimiiSl 

£ar/merto. from a photograph by its describer J L B S^^h 




KJRPiuMiTivE KXY-FiNNED FISHES. Most living rayflns are teleosts - tKe highest sub- 
tliion of the series, Of the few survivors of more primitive actinopterygians, a 
liority, those illustrated on this page, are found in the United States, fop, the 
udlciish, or ‘spoonbill cat’ (Pulyodon), of the Mississippi, a form which may 
ach 200 pounM in weight. It is degenerate in many ways and has become a 

i illom-dwelling mud-grubber with a long, spoon-shaped snout but still retains a 
brklilce tail. Next belov, the sturgeon {Acipeiiser) also rather degenerate; note 
s peculiar ‘feelers' in advance of the mouth. Little cherished except for caviar, 
(sturgeons are found in various regions of the northern continents, including the 
inissippi Valley and Great Lakes. Third, the bowfin, or 'fresh-water dogfish’ 
mla), a form not far below the teleost level. It is a common lake fish of the Middle 
BSt and South. (.Continued on next page) < 
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A , restoratSI”of'^<7AJi^7'T““r*''®"- 

Middle Devonian ih, ‘he 

primitive Sbe/ of , he 
Sians. (From a pJfntMg b5 ^' '"fPtery- 
under the direction of K^Vgo^ryJ ‘ 
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COLOUR CHANOB IN riSHES. Ltift, tWO 

catfish kept for a day in dishes with 
light and dark backgrounds, respecllve- 
ly, showing response in colour change 
or the animal. /Iboye, two photographs 
of the same specimen of flounder placed 
on difierent backgrounds ; in this form 
there is a tendency for change not mere- 
ly in colour but in pattern as well. Such 
changes are Initiated by vision, for if the 
animal is blinded, the skin becomes per- 
manently dark, and there is no response 
to the environment. The colour changes 
are effected chemically by neuronu- 
mours, substances given off either by 
near-by skin nerves or by the pituitary. 
(Catfish, courtesy C. H. Parker; floun- 
ders after S. O. Mast.) 
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pCEP-SEA PrSHES. In Ihef 

less depths of the oS 


ocptns or the ocqi" 
of leleottnf 
have bwome adapieitidl 
unusual conditions U 

evlflho?"® * "3 
exhibit; a carnivore ttiin 
enormous mouth (CkJ 
"?■')!* seen pursuing If 
of big-heads' [M,h^ 
It'no tograph courtesy If 
f.?'' MV®*''™ of Naturair 
tory, New York.) j 
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In 9k ROBINS (Priamius) are common njhes of ihe Alluniic coasl, uWHlIy fouml 
fciteboitom In shallow waters ; when disturbed iltey may bury ihcimcJves to the 
^ is and. The front rays of the pectoral fins arc sc|)uriitely movable at rather 
fcKli-laokiiig feelers which can be used ns digging organs. iPhotographt 
BurtssyNew York Zoological Society.) 
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IHR MUDSKiPPER {Perloplilhalmus), which lives along the coasts of the Old World 
liopics. Unlike ordinary teleosts, the fish has muscular fins by means of which it is 
ible to leave the water and crawl over the mud-flats and the roots and lower 
mnehes of mangroves near the water, 
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IVl fOUR-FOOTED ANIMALS. RcstOri- 

irly amphibians (la^rinthodonts, 
I! Dlplovertebron) of Carboniferous 
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These ancient forma spent much of 
lives in the water but nevertheless pos- 
(he ability to walk on land. (Painting 
, L Jaquea under the direction of W. K. 
y; photograph courtesy American 
fflof Natural History.) 


WALKING SALAMANDER - a newt of the 
genus Pseudotrim photographed 
from above. Much of the progression 
of the body is accomplished, as in the 
ancestral nsh, by throwing the body 
into sinuous curves. (Photograph by 
Sherman C. Bishop.) 




tSTON OF A FOSSIL AMFHiBUN, Eryops, One Of the largest of primitive Paleozoic 
phibians, seen from above. This ti^ure illustrates well the sprawled pose of the 
bs in early land types and still retained in the salamander shown above. (Photo- 
ph courtesy American Museum of Natural History.) 





nwnder? feno/il ® 

found In many narta of ih? ISri® • 

Like the axolotl 

l&rva, for it never lenv^e ** ^ permanent 

Sills. In thla"?i"/'h„wev« To*':,?"'*.''®'®*"* 

make the animal chanae* rt 
adult condition • It has so supposed 

how to grow up (Pho’tottr!!Jih^“^’ ^°''8otten 
Vork Zoological SoSSj ,®™'”’ New 


Kn, 

orange and black h"'®" ® 

is the C; 

Mexico and the Rnil’i""''*'* 

ly of quite a 
manent water dS/i?’''! 
means of gills itT?' 

Ihu axolotl is 





SAI.AMANDER. In seVHi 
smnees salamanders have bee 
Boapted to underground life. I 






VROO SKIN (/<//}, a section, 
highly magnified. Above, 
the thin outer skin (epider- 
mis); below, the thicker 
dermis. In the latter are 
numerous globular glands. 
The smaller are mucous 
glands ; the larger secrete a 
mildly poisonous material. 
(Photomicrograph copy- 
right General Biological 
Supply House, Chicago.) 
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by microscopic study fo, -f' *’ 
r«r the worftl's oldest sin~ *?' 
lexiis deposits of late l>S„i “'"«l 
225, Out), 000 years or so old a**^' 1** 
primitive reptiles were then n7r. 
fcid the egB we do not know'isjS' 
Harvard University.) ' 


AN AKCltAIC REPTILE (lejl), '' 

from the Texas town near wilieh ih'iS 
were discovered, is a fossil form so dLu 
nature that it retains numerous am^ 
features. The animal, tail and all, wH 

i (Painting by F Lit 

under the direction of W.K.G^™.’! 

Hilfory?New Vork“"“^ 


AN AMERtCAN CROCODILE {right). Thi 
S-ITia '■ ''"I®!;*'?,'? “rocodiltan is thi 
of ‘hosoulh 

ern United States. However ihi 
crocodiles, while mainly Old Woric 
torrns, are also represented in troni. 
cal America, and one species is pre- 
sent in Florida. While tfieOld W5rltl 
crocodiles aredreaded, theAmericac 
species are mainly fish-eaiers and do 
not appear to be particularly danaer- 

WoTk“"zo28Ta!rie?;.r‘“» 




A CROTODILE predecessor (Right) 
The exunct phytosaurs of the Trias- 
sic period were an offshoot of the 
early ruling reptiles that had habits 
similiar to the rnodern crocodilians: 


amphibious Oesh-eating mode oHi^ere slmSa t * 

the nostrils were situated at the too of 5*® of crocodiles, excep 

by S. W-Williston.) ^ infroni of theeyes, (Fromadn 
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nuAssic scENS on a coral Island in Germany. Jurassic deposits 
Euroce, particularly southern Germany, con.sist of a fine-grained limestone used 
lojtaphy. This material appears to have been deposited in the quiet shallow 
MTS of lagoons In coral islands in th© warm s©as that 
rope. The sediments are so fin© that remains of many small and delicate creatures 
orcserved. Several of the more interesting vertebrates are shown here arnid a 

“ <■ t ■ a nv^noMni** I n rhft fllP H m 


Dfcycatls and other Mesozoic plants of tropical appearance. In the air are 
...flying reptiles of the genus Rhamphorhynchus, with a _ long, heeled tail. 
.Itering about or perched on a cycad are the most primitive birds^ Of Ihc 
^eopieryx type, known only from these deposits. The two small animals at 
leji are dinosaurs of the genus CompsogmthuSf no larger than a roofer but 
..rtheless related to the large flesh-eating dinosaurs. [From a mural by Charles 
knight; photograph courtesy Field Museum of Natural History, Chicago.) 


aoSAUK FOOTPRINTS. In the Connecticut Valley are great deposits of sandstone 
fTriassic age, once quarried for sidewalk slabs, etc. In various places these have 
ireaied numerous footprints of dinosaurs. A major collection is that at Amherst 
Mlcge (including the specimen figured). The footprints shown are three-toed, 
ey ate, of course, comparable to those of birds and were long supposed to have 
ten made by gigantic birds. 
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the skull of " ■»i>ij!iMiMMniiia«iii,-jii».— , 

History, New York.) courtesy AVer^^^^^^^ 
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Jurassic form, a*rour5roatS^h*ei^lvore'amed™ 
spines down the back. (From a mu™f double row of pliij 

Reid Museum of Natural HiswTy, Chicag^r ** 



occS on theTo^r rte LuU dinosaurs peculiitt 
the nostrils and containing air tubes 

aquatic life of these dinosaura ‘’®®" “f >" ‘h» P«'‘ 

ISf * landscape two plates toward rtf. “ ®8U red here, is sht 

Museum of Natural ifistoiy, New York (Photograph courtesy Ameii 



imvE HORNED DiNOSRUR (Proloceraiops) from the Cretaceous of Mongolia, 
oiali reptile (the largest specimen only about 6 feet long) was an ancestor of 
ell horned dinosaurs, but one in which the horns were still undeveloped, 
is mural ^ Charles R. Knight; photograph courtesy Field Museum of 
ral History, Chicago.) 



{uus EGGS. Closely 
idited with the re- 
in of the small horned 
kur shown above were 
pus eggs found in 
r' of a dozen or so. 
wgraph courtesy Am- 
a Museum of Natural 
fry, New York.) 


A SMALt FLYING REFTILE {Plerodaclyliis) from the 
Jurassic lithographic stone of Germany. Except that 
this is a short-tailed form the skeletal elements can be 
readily compared with those shown in text figure in the 
sub-section on ‘Flying Reptiles', in Chapter 6. 
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only known remains are H 
tons shown on this page,„dS 
reaiher. Ali were fo®il in 
‘"’“tone of south!; ,* 
fialf to three-quarters of Stak 
and not anotlier scrap h2l 
covered since. Left, theswciiS 
Berlin museum (named ffll 
nearly complete skeleton, S 
four linibs and tail and iB 
twisted back to the left; tlief3 
well displayed. Bottom rH 
skeleton, in the British L" 
individual (known as Anka 
less complete. Bottom lefl.im 
(5f a puir of these birds ; Lhecolin 
IS, of course, imaginaiy. Anoi 
^ration was shown in an e»|{j 
The bird in life was aboui ihtl 
crow. (Restoration from 
Fuiflenos Afstamning.) 
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uNC PENGUIN. The Southern Hemisphere contains a great variety of these 
his, strong-winged swimmers. Mainly Antarctic, they are, however, found as 
gnh as the Cape of Good Hope, and there is even a colony on the Galapagos, 
ting penguin is a large form inhabiting the Falklands, iCergucIen, and other 
rii islands. (Photograph courtesy New Vorli Zoological Society.) 


WORLD S BOLDEST NAVIOATORS - THE PLOVERS. 

liny golden plovers migrate annually from the 
k to the Southern Hemisphere. The voyages 
e plover which nests In Canada are discussed 
s test. The Alaskan form (right) makes non- 
llights to the Hawaiian Islands and return in 
ourse of Its migration to and from the South 
(Photograph courtesy New York Zoological 
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A CRETACEOUS DiviNO BIRD. Relatively few birds 
are known front the Cretaceous, but such evidence 
as we have shows that birds were already diversi- 
fied and specialized at that time, although still 
retaining teeth, ip/r, a restoration of Hesperornis, 
a flightless diver known from the chalk rocks of 
Kansas. It had somewhat the proportions of a 
modern loon and probably had similar habits, 
^rom Heilmann, the Origin of Birds, copyright 
D. Applecon-CenI “ 


Applecon-Century Co., used by permission.) 
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S"ghUM? types'' ']>« W A 

?*^“ert^ype of Africa? onic wiUrapread'i^ve? Ask a?'’*'’n"^i 

IS the reduction of the toes to two rfihe? fhnn^hi*Jk ^ notable peculii 

Upper right, the cassowary of AuS™M« Ln^/w '.°®* ‘'‘> 

sas.fn.W5s 3,£s%S>“r i* S' ".."it-tt 
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..croiANT BIRDS, fn past limes there existed many flightless birds, some of them 
Hlarger than birds now living. Above, some of the moas of New Zealand which 
EMbled the living ratites In general build but in some instances reached a height 


flJ} feet. Although now extinct, they existed there so recently that ‘fresh' bones 
deven feathers have been preserved, tower /e/r, Phororhacas, a giant type from 
lifiocene of Patagonia, which stood about 4 feet in height and (unlike the ratites) 


Miocene of Patagonia, which stood about 4 leet in height and tuiuixe tne ratites) 
s large head and powerful beak, tower right, Diatrymo from the early Eocene 
Wyoming. This bird was about 7 feet tall ; the contemporary horses were but the 
ofa fox terrier. (IvJoas from a mural by Charles R. Knight ; photograph courtesy 
Museum of Natural History, Chicago. Phororhacos and DUttryma, courtesy 
dean Museum of Natural History, New York.) 








ri'-'S.’S 














35 










■I 




THE HOENED ‘TOAD’. This little ani- 
mal, so abundant in thedrier regions 
ofsouthwest U.S.A.,is not a toad but 
a lizard (Phrynosoma), although one 
with a peculiarly broad and flattened 
body. A considerable degree of pro- 
tection is afl'orded it by its horny 
spines. Were it of larger size its odd 
appearance would be considered os 
grotesque us that, for example, ol 
the horned dinosaurs. IPhotograph 
by Raymond L. Ditmars, courtesy 
New York Zoological Society.) 


■yiKODKAaON.TluS 
i (hraco K>/fl«s), a 
E of the East Indies, 
[e to expand mem- 
B on either side of 
udv which form a 

fi 

' islized ihdvabie 
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THE CHAMELEON. The true 
chameleons are grotesque in- 
habitants of the Old world 
tropics, principally Africa. 
They are specialized in nu- 
merous features such as the 
prehensile tail, the cleft feet, 
well adapted for grasping 
limbs, and the long tongue, 
readily protusible for seizing 
insect prey. (Photograph 
courtesy New York Zoologi- 
cal Society.) 
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A GIANT snaM.. The habiw. I| has 

is a boa somcwhai amphm « s i 

been recorded to may be ii maxi- 

doubtful. how-evcr. and JO m Zoological 

mum. tPholograph courtesy 

Society.) 




tAKE SKULL. This IS 
jolsonous form, the 
ovihon. Teeth are 
rous and directed 
i/ard, every move- 

'■?hT“t1.riat "tS^ 

B easy distension of 
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marine turtles. The er..., / 

graphs courtesy New V*orkVro'5?.c=fso'‘c1et^l>"' 
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& nnir oi’ rcmor*^!* p 

urlle- (Phoiogrupb 
;Vw York ZooloBical Soci«.y.l 


giant ^"Vhc norrttal marint 

closely rclauo to oi „.ng page. Of 
lurlles shown on ‘h« nubbins ol 

the bony »hcll only sma ^^leltJ is 
bone remain, a “'ugh 

likewise »i>»*'’*.rhis [s^lhe 




the snapi’Ino ■f^'J[g,tnfs''wfue'r^dwellers 

i!?’Nor“h ^American 

Vrwrtincticul Society*) 


AUSTRALIAN SNAKE-NECKED TITTLE 

eW/;ia). right. This ion*-?‘“^i®ye 

urodirts), found only in Mulhorn 
idnents. InsWad of po"‘nB the “ 
lilhtinto theshell, lUs _h 

ys along the shoulder. 5?ho^,5®[®?ai 
irtiisy American Museum of Natural 
doiy. New V ork.) 



le genus r«/iitfo, m oharao- 

"•“S bv a“Mgh. domelike carapace 
ffid on oceanic islands 
erne spTCies toun , jpcl, jp^ics 

j-ow to large f'“^^gpagos and ot^rs 
.re present in the oaw B Xhe 

fti islands the Aldabra Is- 

orm figured ts ^^^hts am over 500 
»?S^lenaThs tun to 6 feel. How 
i?*""lLrt rivltn6rs reached such oceanic 

these land dwelie .photograph cour- 

ity"New Yor'k ZoolUical Society.) 
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Eoa-LAYiNO MAMMALS. The two types which still survive In the Attitnlim^ 
Above Itft, the duckbill {OrnllliorliyncHus), an amphibious anlm^ with 
and webbed Feet. Above right, the spiny Untcater, with spine-like halt andiil 
beak, adapted to termite eating. This animal is a powerFul digger- the nd 
shown (from New Guinea) was able to dig down vertically and bury itaellni^ 
one minute. (Oriilthorhynchiis, photograph courtesy New York Zooloaleal&Sl 
Zagtossus, photograph by S. D. Ripley.) ^ 


poucHEo ANIMALS. The American opossums arc the most primitive of livtaii 
supials, but the group survives mainly in Australia. On this page and thethra, 
following are shown a few of the many specialized pouched forms of that conih 



' ■ ' , ■ V . 

1 . ,-/ 


, r) 


THE TA 5 M.WIAN WOLF. An animal which la it$ habits and almost every 
sti uciurm feature parallds closely the wolves of other continents, but which, 
thel^g 18 a true pouched mammal. (From a painting by Charles K.Knin 
photograph courtesy American Museum of Natural History, Now York.) 1 
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Lbbit-samd bandicoot. Bandicoots are Aus- 
Ii!n marsupials which resemble rabbits m their 
their hopping ability, and the fact that 
Tin the ground, but there the resom- 


wfUEnOieS in w..— - 

i* slops: the long nose and long tail are most 
Sbith'lceand they are insect-eaters rather than 
isWiBna (Photograph courtesy New York Zoo- 
|ialSoclely.) 

I 


WiAL MOTHERS AND YOUNG. Right a Wallaby 
kayoungster still in Ihejpouch ; Ae/oH-. a wombat 
'liu partly grown offspring. The wallabys belong 
4e kangaroo family. The wombat is a herbi- 
niii form which is in many ways the marsupial 
■Serniimber' of the American woodchuck, with 

. einrl VaaMtc ^ Phntn irmnh.C 


bernumoer oi me muoiiiwoii wwwMvtauw.w, 
her similar dentition and habits. (Photographs 
'rtesy New York Zoological Society.) 
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111 The Auilfi*''-**’ 
''***yA nAuclicd nianiiiiu'!' f®- 
phalanscrsaf® P''“^ ^ vhc com- 
scmblinBMim['®Jj; (he UcvcUip- 

parison closer. will 

meni of i,u nf skin ai the sitleV’' 

r^bodTlitc 



■ U Il■i l l nwl^■ 

f ^Tthis Auairalton imimal 

^Gptus leaves. 




koala ,pjp»«f;r 
logical Society. 
Raven.) 



' HE SHREW. 
d represenls »»«»‘ - 
sntal mammals. Tnis 
bwever, sive some m 
motions rccordeo) 



iNHECTtvoREji. Upper left, one of the oldest known skulls of a piecuitiliii 
photographed in the hand of its discoverer, Dr Waller (jrini»t, b gt 
desert. Apart from the shrews, shown overpuge, the living inseetivomb 
number of speciali/ed (rather than primitive) types. Upper right, ihshtd) 
Europe, a small, prickly, but inoncitsive animal (not to be conrusetlwUliliii 
unrelated porcupine). iMWer right, a mole - an inscciivore adapted for ends 
life and a diet of worms and grubs. The eyes are much reduced, thelepp 
digging instruments. Lower left, a tree shrew ITiipola) of the Malay rep 
oiuy arboreal lnsecllvore,s, these animals arc closely related to theanceiU 
primates. (Cretaceous skull courtesy American Museum of Natural Hiilo 
York, others New York Zoological Society.) 



f. P' Meodont. An Eocene flesh-eating mamma! 

6 horse Eohlppiis. (From a pninuni 

Itniglit, courtesy American Museum of Natural History, New York 
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I K ULATivss. The raccoon Is a 
:f the dogs but has kept more 
0 a tree-dwelling life and tended 
a mixed or herbivorous diet, 
dose reiatives of the raccoon are 
lere. Above, thecoatl INasua) of 
and South America, similar in 
I the raccoon but distinguishable 
eng nose, To Its right the true 
Allans) of southeastern Asia, 
larger animal but showing ob> 
nilaiities to the raccoon. Lower 
nuch larger related form (Ailur- 
rom the same area, sometimes 
■sly called apanda- properly the 
Ida. (Photographscourtesy New 
ological Society.) 
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VARIOUS CAHNIVnRFS: 

a^T,oarinc^?orni,paralU.- 

ine the 


the bapour '* *1 sTpower- 

the weasel BroHP badger 

'“Us' found T" the 


THE 

^Sra’SB^svre'^f- 

typiUTUti which depend ^ 

;g»V=S-^''“'' 

speed over a long distance. 
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THE WALRUS (/e/f). A ponderous mollusc-ealing member of the pinniped group.c 
fined to cold northern seas. The upper canines are enormous tusks which spp 
to be useful in grubbingforovsters and mussels. [Photograph from a mounted gn 
in the American Museum of Natural History, New York.) 
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it imquuTK. Above, a restoration of Phenocottus of the early Eocene, a very 
sliiifc liaofed mammal type, with ail five toes and with teeth or simple struc- 
■ ftfcir. a scene in the Bridget Basin of southwestern Wyoming in Middle 
welime. Sto/ir, large uintatheres, archaic and specialized hoofed forms with 
iliilis of horns, and, incidentally, small brains. Left, Orolilppus, an early 
{From pamtmgs by Charles R. Knight, courtesy American Museum of 
fcivdyl**^’ of Natural History, Chicago, 
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rHE EKELETON OP A RACEHORSE (Sysonby), to show some of the fealiin(<(: 
running ungulates. Tlie proximal joints of the legs are short, giving i 
drive, The second joint is longer, giving the possibility of a long fore-snil-tlli 
The metapodials (bones of palm and sole) are much elongated, giving a ihiil) 
nient to the limb, and the number of toes is reduced. (From a mount b) 
fhubb in the American Museum of Natural History, New York,! 






TAPIRS. These animals have specialized In their rather large size, 
fairly heavy build, and the development of a protruding noseg but 
in teeth, feel, and forest-dwelling habits greatly resemble theeariiesl 
horses and other primitive odd>toed ungulates (peris’sodactyls). The 
form shown here with its young is a South American species; 
another tapir type is found In the Malay region. (Photograpn cour- 
tesy New York Zoological Society.) 
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luiihable fiom hones and asses. The species shown is Grant's zebra. (Photo- 
icourtwy New York Zoological Society.) 



U-^l) THB INDIAN RHINO- 
CEKos. A young female in 
which the horn is not de- 
veloped, but its swollen 
bony base is visible over 
the nose. The Indian and 
Javan rhinoceroses are 
one-horned and with a 
folded skin resembling 
armour; other living rhi- 
nos of Africa and Sumatra 
are two-horned and with 
a smoother skin. (Photo- 
graph courtesy New York 
Zoological Society.) 




{Bottom) AN EXTINCT . 
RUNNING RHINOCEROS, 
Hyracodon of the Oligo- 
cene. Early rhinoceroses 
were hornless and often . 
rather slimly built and i 
comparable to their cou- i 
sins, the horses, in general ' 
appearance. (A restora- < 
tion by Charles R. . 
Knight; photograph ! 
courtesy American Mus- i 
earn of Natural History, ' 
New York.) i 



ANIMAL. BalueMiherlum, a giant, hornless, fossil thinMnl 
in* Oligocene of Asia, is the largest animal known which was a land dwdkrr 
or course, exceeded in size by some whale.s, and some of the sauropod dinoHiii 
arontoMurus) were larger bul were obviously not true land forma finMlih 
specimens vary somewhat in size: the largest known indiyidual appears to hanl 
about 17 feet nigh at the shoulder and 27 feet in length. The skull was aboulir 
i"'®* i* fr®<" ihe restoration) rather small for the it 

^estoraUon by Mrs E.R. Fulda; photographs courtesy American Museai 
Natural History, New York.) » 
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i f; .' the ORIGIN OF 8IR08 WJ 

rendered essential (he care 
and feeding of the Hedgetings 
: i** t'CSt- 

// 7 /^^ \ Brain and sense organs 

modified in rcia* 
tion 10 flight. Birds (like men, 
k , but in c(>ntra.st to most other 

K I vertebrates) depend largely 

'*** 

9 formation about the outside 

/^PlS/ world. The eyes are large; 

within the eyebaii is a circle 
bo”y Pitttes. Such plates 
M' ~uF present in many pritni* 

^ M tive vertebrates as a proteo- 

W ' against water pressure; 

I protection is against 

I wind pressure in flight. The 

jncikcietan or B modern bird. Note the brain IS very much larger 

|biitbre«itbon«, the short body, «nd HU. than in repUlcs, but thc ifl- 

|ae Winn skeleton Includes the remains of rrpaef tft lv» mlntncl not 

lilt Int aiH 'angers'. The (hot b four *“*"* ” °® rSlatCQ DOl 

fMt Ida the arst toe at the back, the SO much to general intellh . 
IsMud to ftnirtb |)ohted forward, with a gencc Es to the development 

■aneture very similar to that of many 

iHnosasrs. Thc bird 'wishbone* is the Centres having tO dO 

laUone, or clavicle (el), of other With Sight, balance. Bind tKC 

f^' ?' delicate muscular co-ordina- 

■■Wnum (fl), Is developed to carry the . • a • . r . 

fpowerfil wing muscles (thc 'whitemeat' of tions neCeSSaxy m Byillg, 111 

the skeleton there are ntoiiy 
I cwhiiy Co., publishers) modiflcations m connexion 

I with flight. With the result, 

of I^ening the specific gravity, not only are there air sabs 
mthin the body connected with the lungs, but many of the bone$ ■ 
of the skeleton are hollow and air-filled. 

The breastbone, or sternum, is usually little developed in 
reptiles; in birds it is an enormous plate covering nearly the, 
whole underside of the chest, with a strong keel in the midlihe, ' 
To it are attached the powerful chest muscles propelltog the ' 
win^ (these muscles form the white meat of the (^cken). In 
the hand there are but three fingers remaimng of the ori^ual 
five (there has been a similar reduction in some dinosaurs), 'arid { 





“**^*«»thbvertbbhatbs ^ 

th^ are more or less ftMed, 'ft 4 j 
and clawless, acting as wing sup^i 

. ‘“ve noted that the SI 
srnnlar to the type toZ ft* 
dinosaurs and have also mentioniS 

f^totU.ehtodfeg.„fS3 

footed dinosaurs are almost ideni 
Modern birds are toothless, ^ 
horny bill, a feature also found in* 
flying reptiles and i 
saurs. 

in all, the bfe 
Skeleton is quite sinil, 
to that of ruling leptJe 
Even ffightisnotiniijji 

Feat£i“S\ 2: 

hire ihoTO In a, character; but altho«i 

these structures seemoiA 
from the ht 

**" "poUm <ind which cover a in 

«!«’? body the differes 
C«)nluryCo.,publJsIien) ^PP'won- ,g ,,, jg^jjjy ^ 

, apphesto^Se^tTOteal*!^^ j description given abo 
and Tni.d.h clo^ to bird. Far different in many respedi 

Sov^ birds T theX 

Skeletons of these 

lithographic stone have been found in tht 

fortunate that the deUcati*‘t^°i?“®‘* ^ 

these beds has shora tracd^? chmact^sticd 

is little to distiomiioh + 1 , feathers, for otherwise thw 

ing them stiU bore claws ^ 

uuio fciaws. ine breastbone was Rmfii) , indica^' 



I : the origin op birds ioi 

Iwak flying mnscJes- Non® hollow, and the 

’\w8 were armed with teeth. These forms are, because of the 
possession of feathers, technically birds, but birds not far 
lonoyed from their ruling-reptile forebears. 

' There has been much discussion as to the origin of flight. The 
' theory most generally held is that the ancestral bird was a tree 
^ dweller and that flight started as a slight parachute effect as the 



Skeleto ot Cretneeous toothed birds. W!. U*® bird’, 

B sraiin nil about 8 indies In height. viUh good powers of flight. Rlfhl, 

Bam ill, the 'western bird', a large wingless diver. These skeletons 
were S ad in the ISTO's Cwhen the woodcuts here reproduced were 
made), piously, but little further' material of theae interesUng birds 
has sin > been discovered. (Front Marsh) 

Proavis y nped from branch to branch, the developing wings 
breaking ie fall on landing; gliding would have been a subscr 
quent atafee. A second theory is that the ancestors were ground 
types and that the feathered arms and tail helped, by acting as 
planes, to increase the speed in running, lifting the Proavis 
somewhat off the pound. 

CRETACEOUS AND LATER BIRDS. A full period/ after the 
appearance of the first birds we catch a second glimpse of .the^ 
developing birdlife of the Age of Reptiles in the remains of some 
water birds from the marine rodcs of Kansas. One of the types, 
Hesperornis, the ‘western bird*, was a water-dwelling diver which 
had lost the power of flight; a second, Ichthyornls, the ‘flsh 


IM MAN AMOTUBVBaTBBUATES' 

bird*, seems to have lived a life like that of modem t^| 
both fomu teeth were present, but the fish biid >v4s alii 
highly modernized in most other respects, with 
developed wings. Teeth appear to have been lost at aboi^ 
end of the Mesozoic, and during the Tertiary there took t 
the development of modem bird groups. 

Concerning mo.st of these we shall have but little tosayig 
Birds are intensely interesting to many of us because orth| 
plumage, habits, and songs. But the classification of the M 
presents relatively little of interest to the scientist, for 
their skins birds are remarkably uniform in structiue. Hsir 
fossil history is very poorly known; their small and hollow bott 
ate preserved only rarely. We shall, however, mention hoe 
of the more primitive or more aberrant types of birds. 

. PUottTLESs BIBOS. Today we find in the southern « 
.tinents a number of flightless types of birds - the rhea of Soil 
the ostrich of Africa, the emu and cassowary oft 
. 4*“^^ region, and the kiwi of New Zealand. In the Pleh 
; cenc epoch just behind us there were several other birds of 
i saOM sort, notably the ‘elephant birds’ of Madagascar, wh 
lenormous eggs have sometimes been found preserved enfm 
, the swamps of that island, and the varied moas of New Zed 
(one teaching a dozen feet in height), which seem to have ! 
{intill in existence when the Maoris reached those islands no 
cemjjTies ago. Except for the kiwi, all these birds 
iqnqch in conunon; they are large, with powerful hind le^ 


;;Sinall heads, the Wings have been reduced to vestiges, am 
featix^ are soft and flufity. Many workers have suggested 
these birds ate primitive types which had never attained the f 
of flight. The similarities, however, arc merely features ^ 
one would expect in any sort of large bird which had ceas 
fly. Their distribution is interesting. Considerable freedom 
enemies 1$ a feature conunon to these types. In New Ze 
there is not a smgle flesh-eater to disturb tlienu In Aui 
the only carnivores are comparatively harmless pouched ai 
related to the opossums; (here were (in nature) no memt 
the cat or wolf tribes on that continent. The same was als 
of South America until quite recent geological times, ai 
island of Madagascar has nq flesh-eaters of any grea 
' Further, the rhed and ostrich dwpll in' ppeso country 



“ FfightosbWs. iuu-- hots«. 

iTlielioiae.atthatt'" ’ m soeculation; t"®" 

seven feet tai'- , , Wtds atouse one to P 

I These giant interesting po^s* ’ l^ve seen, Ae 

' presence sugg®f ^ of tiic earth was open for 

mptetialired. M tw surface of tn® group*, w® 

=s.-^ss‘^rr's;rr.s 

be like today had tn , ^dide» 

1 vanished? .^ot leave the 5otenin-lo<*t"® 
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■w‘«s many other bii 

fouJa not escaoe hv *oss of fliaht 

inhospitable land °'f “i isolated and 

aSf not all birds r ° “ 8^‘® » lew 

^ ■s^'x.rvsrs r 

• and return promptly. ^®rge percentage dp ! 

■BmSS °"®" nnce. n^. even 

j , aan> in default of vw ■ ^®*'haps, one might suegest 

A final (although fairlv ’ni,™- v 
Kturnisamatter ofchante-^S^ytion is that their 
. simply v^der about 1 
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lid may eventually strike the right spot. But here a time fiiclor 
pleis, It is obvious, from simple geometry, that, if one bird is 
tiitoi twice as far from home as another, its return by random 
' iijndering should take about four times as long, on the average. 
This is not the case, Such retunied birds lake only about twice 
as long: and in returns in general the time consumed is merely 
sreasonable one for a direct flight. 

: We have thus exhausted all reasonable possibilities of ex- 
plaining this remarkable instinct. Recently a psychologist wishing 
to do more work on this problem applied for financial support 
to a fund designed for the investigation of psychic phenomena. 
Such phenomena, it was decreed, were to be defined as those 
lieyond the realm of the known senses. The investigator argued 
that the homing instinct was in this category as surely as any- 
thing he knew ofl His request was refused, but his argument 
aeems to us a reasonable one. 

Equally interesting is the topic of migration. In North Tem- 
perate zones we see each autumn a vast streaming southward of 
the bird population and each spring an equally great series of 
northward migrations. Why do birds migrate and how are these 
nugrations, often over long and complicated routes, acccan- 
plished? 

It has bemi suggested that an annual north-and-soutb drifting 
of bird populations began in the late Tertiary as climatic con- 
ditions, previously rather uniform over much of the earth, 
became sharply zoned (as at present} between arctic and tropics 
and marked seasonal differences became established. This does 
not, however, tell us why an individual bird today migrates, 
for the bird is not yersed in geological history, nor can it read a 
calendar. What sets off the migratory stimulus? Temperature,’ 
perhaps, or light? Will cold weather or shorter days send a bird 
southward, and vice versa? 

Research appears to rule out temperature as a factor, but the 
length of day appears to be influential, in some cases at least. 
Seasons of migration add breeding seasons ate closely connected ;, 
and the lights seen burning in many a farmer’s henhouse on 
winter evenings are a demonstration that light and reproductive 
activities are closely associated. Increased amoimts of light : 
seem to stimulate the pituitary gland (apparently via the eye); , 
this gland in turn stimulates the gonads (resulting in the case of 

' ' ’ ' ' ' ’ . • • ‘ .-‘‘"I’' 



110 MAN AND THE VERTEBRATES . 

the fowl In more egss). In many birds lengthening days (andi^ 
more light) are followed by migration and breeding, The b» 
is associated with light supply. May not the migration he eqm 
associated? Such work as has been done suggests tlmt this is gil 
case, although the results are not conclusive. 

But even If we find a mechanism for setting off the itiigiatiii)| 
impulse, we have not solved the entire problem. For in inji * 
cases the migration is no mere drifting north and south,! 
one which follows definite paths. The Alaskan golden plovet i 
autumn sets its course southward over three thousand luiW^ 

. open ocean to the Hawaiian Islands on its way to ’ 

Sm. How does it set so straight a course, when a deviation t)Ii| 
few degrees would cause it to miss its goal? 

The more common American golden plover follows a nioa| 

. complicated route. Following a June nesting season on i 
Arctic shores of north-west^ Canada, the adult birds fly e 
to spend the early autumn in Labrador. Then, turning southvra4| 
they take astrai^t course from Newfoundland and Nova Scotii 
. to Venezuela, never nonnally touching land unless driven off W| 
course by storms. A further, more leisurely, migration cam| 
them to centre in the Paraguay region by the time winter 1 
arrived in the North. 

Possibly a bird might learn such a route by Mowing liii| 
elders. But what of the newly hatched young? They are I 
behind in the Arctic; there is no one to guide them. A montlifl 
later they leave end follow the same complicated route east tb.' 
Labrador, south over the ocean to the Orinoco, and, finals], 
dfiter some six thousand miles of travel over lands and seas 
have never seen, tejoin the older birds in their wintering 
Why and how do they do this, all untaught? Does each gem 
cell of the golden plover carry within Its tiny nucleus a marked 
flying chart of the Western Hemisphere? 



CHAPTER 8 


Varied Reptilian Types 

I 'HB present chapter there will be considered briefly several 
lian groups which have had less spectacular careers than 
«Ilng reptiles but which have been, nevertheless, successful 
iviving to the present time; in addition we shall treat of 
istinct types of interesting marine reptiles. 

SCALED REPTILES 

RDS. The lizards ate a comparatively unprogrcssive but 
9t an unsuccessful group. They are the most abundant of 
reptiles, represented in the tropical and warmer temperate 
IS 1^ a host of genera and species. They have in great 
ire retained the primitive sprawling type of walking charao- 
k^tic of primitive land dwellers and the salamanders. The 
iiiibs,. however, are lightly built, and some lizard types are 
spable of running rapidly. The average lizard is a small form; 
Initoa the island of Komodo in the East Indies there are living 
inooitbr lizards attaining a length of about a dozen feet. One 
Fossil lizard from the Pleistocene of Asia was at least twice as 
long, thus reaching the proportions of many dinosaurs. 

I There are numerous interesting variants of the lizard group. 
|TiK chameleon of the Old World tropics is a grotesque creature 
Iffith along protrusible tongue for insect-catching and a clutching 
.hand whidh has, not a thumb opposed to the remaining four 
ifiigets, but two fingers opposed to the other three. Soirie 
Ibiiirowing lizards, ag^, have become blind and are limbless, ^ 
jin snakelike fashion. . 

I MARINE LIZARDS. We have reviewed the various stages 
[through which the ancestors of the reptiles passed to be cbm- 
fpletely freed, from an aquatic existence and become puieh/; ; 
i land-dwelling types. But, curiously, no sooner did the reptiles / 
attain this terrestrial mpde of life tlmn many groups began to ' 
reverse the process and return to the water. We have noted \ 
that among ^e. ruling reptiles the phytosaurs and crticodiled iiv 
had returned tO' an, afephibipus type of exiatence, and also aiiibi^ : 9 . 
[the lizards ahy^ groups have bwrae water dwellers. 1 ' 
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GaMpagos Islands!"lt"is an^ScSl^^ 
compressed tail as a propulsiVe n ^ swimmer, using Ji 

seaweeds along the shore. This Jizari[®h" 

adapted for water Hfe (its toVrel 
and spends most of its existenr'^ '*'if ^ wd*’ 

hifihly adapted to a mL^rex sL 
marine lizards of the Cretaceous Th mo3asau[j,i| 

found in marine deposits in 
the best skeletons have been 
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derives from the fact that^hl r ^ 
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presumably were webbedTn’iiT*^ spreading toesS 
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believe that they subsisted « ‘yP'Cs' mosasaurs lead m 6' 
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Lifflrds ate not known 

not appear until the Cretl^^, , and the snakesi 

qf Reptiles, °f the periods of the Ag 

We have noted ^bef^ evolutionary histoij! 

foh ancestors before them d ®nrly land animals, like thdl 
sinous twisting of the tninv^^f *** “ measure nponij 
mainly acting as supportT^i” 

be^ted.ThesnakMusethf!l * which a forward push cpulif; 
legs and utilize their scales a! abandoned; 

scales with which they as wSl Ti, 
overlap shingle fashion with cousins are coW. 

ward. As the body twists the scalaf margins pointing bacjll 
no opposition to forward mowin any backslip butoffei 

Some lizards unrelated to 

ancestry, we have noted, h<id| 
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|tot their legs; the 
P'.^stinctive feature 
tosnakes is the much 
Sified skull. In the 
the jaws are 
idily spread apart and 
Liery loosely attached 
j tjie skull so that the 
|]ie of the mouth is 
ioimous; a snake but 
Itfev feet long can 
low a rabbit entire 
[digest it at leisure; 
e tropical snakes can 
flow a man. 



Tfao skulk of a python to show some of lbs mecli- 
onlsRis forswullowltig Isrite objscis, The two jaw 
IibIvss ore loosely connected ; the front bone of the 
lower jaw (<f) can be bent on the back part of tbe 
jaw (se), to addition (o the ordinary moyement of 
the jaw joint the two bones above ihlt rogion 
(d. sq) can also be moved on the skull; the fraac 
part of the skull Is ulso flexible. The teeth ate 
directed backward! any motion tends to push a 
seized abject down the Ihroel, and It cannot sUp 
outward. 

one lizard (the Gila monster) is poisonous, and even 
ing snakes the majority are quite harmless; in most of the 
inited States, for example, the rattlesnake and copperhead 
the water moccasin in the South) are the only noxious 
inns. The poison is developed in sacs adjacent to certain of the 
in the upper jaw, usually a pair near the front of the 
lutli. In some cases these teeth have a groove down one edge 
[limnigh which the poison may trickle into the wound; in the 
ire, highly developed forms the tooth is hollow, mtactly. 
ilogous to a hypodermic needle in construction. 

THETUATERA. Living today only on a few isolated islets 
jiiif the coast of New Zealand is the tuatera, scientifically known 
IIS Sphenodon, a small reptile which appears superficially much, 
like the lizards and resembles that group also in many structural 
|lratates. There are, however, some characters more primitive ’ 
ikaa those of any lizard ; in the. temple region, for example, the^ 
ate two perforations in the bones roofing the skull and giving 
iplay to the jaw muscles. The lizards appear to have lost one of 
lihese temple openings, but both have b^n retained . in the skuU . 
&f ruling reptiles. It was long ago pointed out that,the.tuatera 
hareptilian ‘missih^link’ whichmay be a siuvlvorof anarchaic 
group from which the ruling reptiles, lizards, and perhaps othm* 
types may have evolved, .Strong evidence for this point of .view 
lies in the fact that fdrins quite similar to Sphenodon ace found 
as fossUs: vn';cci^.^lar ib^ in the Age of Reptiles, 
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Why has this 'living fossil’ survived in this one lot 
its relatives have otherwise perished? This is an extreme j 
survival due to isolation. Archaic members of any group il 
persist only viihen comparatively free from competitiou^ 
more progressive types. New Zealand has probably been c 
plctely separated from other bodies of land since some tin 
the Age of Reptiles. The development of marnmnis ^ 
continents has probably been a factor in the destruction oil 
tuatera’s relatives over most of the world. But not a i 
mammal (except the bats) appears to have reached New 
until man arrived, and the lack of competition has pre 
been the reason for the preservation of this archaic reptile, 

TURTLES 

The turtles are the most bizarre of reptilian groups. : 

they are still living, turtles are coit 
place objects to us; were they extiii^ 
their shells, the most remarkable a 
ever assumed by a land animal, woUld^ 
a cause for wonder. 

THE SHELL. The armouT plate oft 
ordinary modern turtle is composed^ 
two materials - horny scutes represetfl 
ing the ordinary reptilian scales on I 
surface and bony plates undemeaty 
The outlines of these two sets of atmpiii 
materials do not in general coincide^ 
there is an alternation of joints, whk 
gives greater strength to the combini 
structure. 

The shell is divided Into upper i 
lower portions (carapace and plastrod 
respectively), connected by a bridge 
the sides. Down the middle of the toj| 
is a row of almost square bony plato; j 
most of which are fused tighth' to thb | 
joints of the backbone beneath tlieni| 
on either side is a row of longer plates 
fused to the corresponding ribs; atiiig 
of small plates around the' margif 



^Diagram of tho upper ahetl, 
or carapace, of a turtle. The 
major structure consists of 
places of bone, outlined In 
continuous line. These con« 
slst of a middle row of 
plates, (me over each joint 
of the backbone; paired 
rows of rib plates on each 
side; and a marginal row 
encircling the whole. These 
bones, however, are invisible 
in the living turtle, for they 
are covered by horny scutes, 
the outlines of which are in 
broken lines in the diagram.. 
Note that in most cases the 
5oinis of the two typu of. 
covering alternate, thus 
streDgtheniQg the structure. 
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bwer of drawing in their ”“1^®- , . b the East Indies 
todires) of South “’/f ‘“i by tucking their 

.Ud«. »«*» *>“ 

^otko oira«. ^W““; 

lontinents, have e^°l''«^/.?‘f®'“.con(»aled necks’) the head : 
‘ih these forms (the cryptodu Ijeing very fl®uble 

Jib drawn straight back hito the 8^ ^ ^ 

‘wd bending into an S-shaped curve wnen a 

• 1 ia-,«t ^well^s this betas p^iticulsrly 
{ Some ’members of this group, 

;trae of the bigh-sheled to^i«s. B , southerp 

finch as the o^^dinary ^ ^^^rms, but on various islands 
!ljmted States, are thev grow to gigantic si®, 

liichas the GalApagos ^d tbe absence of enenfiies 

|or two , ■ ' ; ^ - ■' 
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AQUATIC TURTLES. Tlic trend towards an atpiatic 
is strong in the turtle.s. The various types of marsh and 
turtles spend, as their names imply, much of their time 
water, and the snappers and the soft>shelled turtles am 
dwellers. Even farther along this line of development ate 
purely marine types of turtles which spend ahnosl theii 
life at sea, coming ashore only to lay their eggs. Since the 
is indcKible and the tail but stubby, locomotion isne 
function of the legs alone, which are short broad paddles 
the toes webbed. 

The armour is of reduced importance to a water dweller 
furthermore, is a considerable hindrance, since It increases 
specific gravity of the animal. In the soft-shelled river ti 


VAKIED BEPTIWAW TVPES 
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dilate the reptilian scene, 
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plesiosaurs 

Le have observed the marine 
jtoiches have developed in several 
Loups of reptiles which 
Iwsttial representatives. We s^ll 
Undude this chapter with a wn- 
jideration of two extinct reptihm 
I groups which were exclusively 

I mstine in nature. p of 

' . The oldest remains of one oi 

ifhese groups, the 

,to light in Europe over a renW 
sago. The scientific name appj^ 

ithoughtthUt .n«vmus.o^ 

i coming up towards SLufe. Wenovvknow.hoWev^, 

level frornaformerwato^^togh 
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and earliest se? iSs. Weston ISS 

was a curious one. An old writer describedT'^r'-^'’^^ 
snake stiung through the body of a turtle' nl - W 
the con,pari.son is not inapt trail’ r 

and inflexible and was well plated whh bone's Th" 
were not armour but areas for ^ 

muscles of the paddles Since of the poS 

and the tail little developed the ni 

constructed turtles hid 

developed limbs. These were ^*“6 '’J' PowerM 

the limbs of lizards, for 

in . t.= »c^d aTafa^JS. 

soTOimei over . dozen joints pj,^ *«»«« dm 
atnictutrror^n'imU°^*n''h°" obviously a dlsadvajitam 

In compensation we find that m f ^ 

gated and flexiir n»i r ’T 
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the prey. Sudt for^ „ n ‘fart ‘he head 
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, tCHTHYOSAURS 

existence was adapted to an aqual 

their name of ‘fish remfl? Th Vi -r 
most of the Mesozofc or of “™ 

occupied the place in nn*,. ^ Reptiles; they seem to ha 

porpoises. ° taken by the dolphins ai 

short Md*mhir dS*!Sd“ fishlike; the body w 

very short, with the head spt ”1*”^®®®®*^ laterally; the neck w 
there was a reappearance of thi°r^ T sl'oulders, so th 
form. In black shales in southern ^ ‘yP® '“ 

number of specimens in whiS 
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fed. These speci- 
bcwthat there wosa 
^ fehlike dorsal fin. 
pa more interesting is 
piail construction. Early 
JLall showed an appar* 

^ broken tail with the 
^ of the badcbone sag- 
downwards. The older 
piofatlons ‘corrected' 
liis and showed a normal 
bght-tailed animal. But 
ns'mens with the body 
Voitines preserved prove that the seeming break is a normal 
fcdition; there was a very sliarkiike tail with, however, the 
■febone extending down into the lower lobe, whereas in fishes it 
Jllilts upwards into the upper half of the fin. 

S The Ichthyosaurs undoubtedly swam in fislilike fashion by 
Mineral undulations of body and tail, and the limbs, used only for 
^sieering and balancing, are comparatively small. They are very 
jfliighly modified; the individual bones assumed circular or 
polygonal contours and were packed very closely together so 
while the limb as a whole was flexible, there were no free 
J movements between the joints. As in the plesiosaurs, there was 
I ( considerable increase in the number of toe joints. But while 
I the plesiosaurs retained the original number of toes, the fish 
Imptiles varied widely. Some had but three toes in a fin; in 
I others, new toes were budded off, giving as many as eight digits; 
I this is the only group of four-footed animals which has exceeded 
I the orthodox number of toes. 

I These creatures were so extreme in their marine adaptations 
[ and their limbs so obviously unsuited for use on land that the 
I problem of ichthyosaur ■ reproduction was early raised, A 
reptile’s egg will drown in the water as surely as an adult. In 
some snakes and lizards die eggs are retained in the mother’s . 
body until they hatch, and It was suggested that the reproduction 
of ichthyosaurs must have been of a. similar nature. In agree- 
ment with this idea that the fish teptile’s young were bom alive 
are a number of specirnens which actually show skeletons of 
young ichthyosaurs inside the body of an adult individual. It 



Th« tall In IchthyouuM. tefi, a Triatsic Torm 
{Mlxnmutus) with a eamparatlvely ptlmiiiva 
sort of tall ; the eiwl ol the backbone U lurnetl 
sUithtly downward. Rinkl, an advanced lehthyo 
sour with B auperfieially .tharklike tnll, the eiut 
or the vertebral colunm lilted downwaid. 
(After Wimun) 
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The Origin of Mammals 

IfB now retrace our steps from a consideratton of the great 
of the Age of Reptiles to the origin of our own closer 
Utives, Man is a mammal, member of a great group which 
liicludes almost all the larger animals inhabiting the surface of 
m earth {to say nothing of the whales and seals of the seas, 
|lliebatsintheair). 

MAMMAL CHARACTERS 

BtRODOCTioN. The name indicates one of the features of 
(be group, Mammals nurse their young, Postnatal care of the 
lymingis unusual in lower vertebrates but common in birds and 
.aammala, highest of backboned animals. In addition, none but 
['(lie most primitive of mammals lays eggs; all others bear their 
I ^img alive, and in most there is a well-developed mechanism 
for the nourishment of the young embryo within the mother’s 
body. All these features seem to be associated with a high degree 
of organization of the mammal body, for the development of 
which there is needed a considerable period of growth. 

WARM BLOOD. Mammals are warm-blooded forms; a high 
* tody temperature is maintained. Hair and sweat glands are 
peculiar mammalian features associated with temperature re^- . 
lation; and there is a highly developed breathing mechanism 
whidi is in constant use. In addition there is a very efficient 
circulatory system with a complete separation of aerated and 
impure blood streams. The heart (pp. 338, 343) is a double- 
bamlled, four-chambered organ, as in birds (but not in reptiles), 

. with blood on one side in transit from the body to the lungs> 

: on the other, from the lunp to the body. 

BRAINS, The brain of reptUes is a small structure tucked 
away in a small area at the of the skull. The brain of 
Biamraals, even the most stupid of them, has enlarged enor- 
mously, Most parts of the brain have, however, remained fairly 
constant in size. It is in the cerebral hemispheres, originally small 
structures dedicated to the sense of smell, that almost all the 
growth has taken place. Here there have arisen high» brain 
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centres which have placed the mammals as a groao fc, 
any other vertebrate stock in their degree of mental 
SxULt. The skull and head of mammals is a very 
structure from that of reptiles. Many of the reptile bonS 
b^n lost fcf. p. 363), and the pineal eye no longer 2 
Tnie originally solid Icmpoml region has been pierced for ^ 
accommodation of the jaw muscles, leaving a bar, or arch.* 
the edge of the check region; the bi-ain case has swollw ot 
enormously to accommodate the expanding brain. The dmlii 
reptiles joins the backbone by a single, round, bony knob t 
condyle; in mammals a pair of condyles is present. Inreptili 
(exespt the crocodiles) the nostrils open into the front ot il 
mouth. In mammals there has developed a bony partition nhii 
sep^ates nasal and food passages back to the throat, a festn, 
of importance in forms in which constant breathing is a viil 
necessity. In reptiles there are normally some seven bones in y 
lovw jaw; we mammals have but one (the dentary), andH 
articulates with a different bone on the side of the skull, th| 
^squamosal. Our whole joint has changed. '' 

. TBBTH. The dentition of mammals has become gresti 
modified. Lower vertebrates have an indefinite amount o( 
tooth replacement ; mammals have but two sets of teeth, 'milk' 




' j S^rollMd RMminitl (primitive placental) seen ftom the 

Cinllk') teeth, censlstins or incisors (rfO, canises 
'« 1 ** niolsre’ (An); B, periusneet teeth, ineluding inebnn (1), ■ 

prnmolsrs (p) repieeing the milk teeth, and, in addition, ■ 
the peimsnent molars On). ■ > . 


and permanent. The teeth of primitive vertebrates were us^ 
of about the same sha;^ In different parts of the jaw; in manni 
the varipus parts of the top^ row are highly differentia 
There was some early, vari^bn, but in the ancestors of t 
higher mammals the dentitiou. came to be made up of tli 
sharp nippmg teeth, or incjiso»; . 9 t the front of each half 
each jaw, a single ^ the canine, 'jE. 


t sui lUKv ■ ■ itable for a ; nesh-oating W P«» 

i dentition through a luhe surface, near 

S cardruru in a tube. 

JARS, fa jn maitunals ft « do P y 
L baclt of the J ^ coucenlra i ossicle* 

L »n Jce in reptiles there is inner 

jjjiWleiB Wt® j^lon ot „s igt. ctoP. ™ 

Otmnwo"' 

»!•« r ™.‘““ fl^dl at 

[iainulsandno talcing to a in Quite another, 

1 o( fast movement by ® fni solution, bub ^ , into a 

it^torsalsocamc toasts swung ^ 

= All four Umbs wj-e rctm efficfa«b 

[o^and-aft position, he hne ^ reptile 

S.lnthismammahau ^ the body 
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action. If we attempt^ which d jmB^, _ 

features in the sbruot^^j^^p^ ‘’^““JLtdvores. leading 
from reptiles, we m y nttheinainmals,w«e a 

activity. The ^cesmrso^,^^^, a new 

lives in which spee Y ^^iveness to bb’ ^ . ajaten^ce 

,th this ' are relatea . 
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energy in animals leading a constantly active life. Even d 
improvements in reproductive habits, which are a pronrf 
feature of mainmaliuii development, seem related to the nee&. 
for a slow maturation of the complex mechanisms Cpartioilnl) 
the brain) upon which the successful pursuit of an alert gnj' 
active life depends. 

OUR REPTILIAN ANCESTORS 

Vft might at first imagine that the evolution of such a hi^ly 
developed group as the mammals would have been a late featuit 
in reptilian history. This, however, is exactly the reverse of the 
case. The reptilian stem from which the mammals sprang vyisj 
one of the first differentiated from the primitive reptite-sto^;;' 
and the first mammals themselves appeared nearly as early 
the first of the dinosaurs. 

PELYCOSAURS. A first Stage in the differentiation of main- 
mals from other reptile stocks is that of the pelycosaurs,.^' 
represe.nted by fossils in the Texas redbeds. These beds 
from the late Carboniferous and Lower Permian, a time when 
the stem reptiles still flourished and ruling reptiles were unheafd 
, of. Among the pelycosaurs were all the progressive carnivora 
of the day. In piany features they still had not departed far 
from the primitive reptile stock. They were a bit more slimly 
' built, but the limbs still sprawled out at the sides in primitive 
'■ fashioti. Some of the.more generalized types were rather lizeti 
like in fippearance. Others, such as Dimetrodon and ZdapAosoiiruj, 
were remarkably specialized. These odd forms (the former the 
most coimmon carnivore of the Permian) had long spines growing 
* out from the back, supporting a sail-like flap of skin; what 
function (if any) this structure served is quite unknown. 

THERAP5IDS. In the Karroo beds of South Africa, dating 
fi'om the later Permian and Triassic, we find that the most 
common of animals were mammal- like reptiles presuniably 
descended from the pelycosaurs. Close to the main line of 
evolution of the group and fM along towards the mammalian 
condition was CywogwarfowC dog-jaw’). This was, for such wi 
early reptile, a rather lightly built and seemingly active fora- 
footed carnivore, with a maximum length of four or five feat, 
: The skull was intermediate in l^e between that of a primitive 
reptile and a mammal; many ophe hones absent in mammals 
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rfshere on their way towards reduction or were already lost. 

third eye was still present on the top of the skull, but 
jlj. ope ning was a tiny one. The brain cavity was still small, 
ggd the brain still presumably reptilian in type. In the jaw all 
He original elements were still present, but the dentary was 
hr taiger than the other bones. The old single condyle had 
iKca replaced by a double one, und in the roof of the mouth a 
secondary palate had developed, just as in mammals. The teeth, 
loo, were approaching mammalian conditions. There was already 
indifTerentation into incisors, canines, and cheek teeth. In the 



A primitive mammal-liko reptile, the pelycosaiir, Ophlocodmt from the 
late CerboniferouB of Morih America. Some of the members of this 
group developed pecullor sails along the back and other specializations; 
Ophiacotim Is more Bcnerallzed and represents a very early stage In the 
dliferentlatlon of our aacestors from the primitive reptllo stock* (A . 
drawing by L. I. Price, from Raymond, Prihtstoric 

ear there was still but a single auditory bone for sound trans- 
mission. 

Markedly changed, too, were the limbs. These had already 
shifted far towards their fore-and-aft mammalian position, and 
the bones were already much modified to -meet the new con- 
ditions. In Cyrtognathus and its close allies the count of the toe 
ioints was still that of primitive reptiles, but the joints which 
ffere dp-stjnf d to be lost were tiny, and in some other manunal- 
ike forms the number been reduced to that of mammals. 

'Was thus a v^ advanced mammal-like form jin 
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most of its akcletai parts. But whut of the other features offl 
amtomy which arc ssr importunt in mammal developi^l 
Were th<^ aiumuls already warm blooded? Had they 
scales? Did they nurse their young? We cannot, of course M 
any positive answer to these questions. But the general pto^^ 
Shown in the skeleton suggest similar advances in other respe^ 
the development of :i secondary palate, so useful in a 
blooded animal, appears significant. We arbitrarily 
Cynogmthun os a reptile (we have to draw a line somewh^ 
but were he alive, he probably would seem to us onodd ciB 
between a lizard and a dog, a transitional type ^vim ^ 
great groups of backboned animals. jS 

Tliere were many variants among the mammal-like reptibffl 
these Karroo beds of South Africa. Some were still not 
from the pelycosaur pattern; others were even more manu)^ 

' I&e in some respects than the dog-jawed reptile desoM 
.. above. Many were far off the main line, as, for example,^ 

‘ , diQmodonts, or two-tuskers, lumbering plant-eating forms. J 
; , 'Ihese manunal-like forms were the commonest of repiijl 
String the later Permian and the early Triassic. But during^ 
iatter period occurred the development of the ruling reptil?i 
Thd archosaurs soon crowded the mammal-like reptiles out,a!g 
i<;th<!y disappeared at the end of this, the first period of the 
■’of iSUsptiles. They were, however, destined to live on inthni^ 
descendants ; for the first faint traces of manunak 
*"l^ppetlr in rocks of late Triassic age, and primitive mamtniils 
yi^htlMUed to be present throughout the Mesozoic as obaap 
-.poni^poraries of the great dinosaius. 


• BOG-LAYING MAMMALS 

: I J^jprhhitiYe stage in mammal development is that represmt^ 
^^fdday -by two curious ^^ustralian types, the duckbill (Orrifto 
; ■r^ynchns) aind the spiny ailteater (Echidmd. These are very hlghlji 
specialized creatures, leading specialize lives. Both are tooth)^ 
as (the young dtethiU has a few tooth rudiments), 
duckbill is a good swimmer, being mainly a stream dwellair 
but also a good diggM, nesting -in burrows in the banks. Th 
absence of teeth is compensated' for by the development qf.i 
broad horny ; bill. The ante^^ , is . protected by a stout S]^^; 
coverii^ Mimpafabie in relation h 



,, tHE ORio'^ ® *^5 ’ 

|k' , there arc powerful B jur and 

Sf^BotfoSis arc certainly ^piUian 

P""**-? But there ai^ -,, the fact that 

m Cconspicuous and important .a 

gSis-;s-«s.striKS 

eS'!iSi£r~'SS 

hying ° . and the lack of teeth compar® 

|s!?5bu^ Sed by ^ 

l=^«ro'r^“ 

pXwogrcsnWcty^ ^BPTlLhS ; ;: ^ 

Iflth the exception of 'J^Jvc "K 
■m^als bear their yo'^"8 ^ addttional 

'mother’s body, and Ibns 8 had "•' 

Iwer, offspring swrns to that S^JSsic aisd^^l 

-^^Uty. not qhftity • W « J^al groupsof^^ 

jtained by the Chora mammals, cont P juragsiO; ^ 

“iCrotnceous. These toown.For thclengj ®"^ 

dinosaurs, are poorly 
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than a rat or mouse and may have resembled these 
in general appearance (although not in structure) 
were sharp; they were seemingly Hesh-eaters in their tel,? 
as had been their reptilian ancestors, but most of thl S 
too small to attack other vertebratk PrSly > 1 
worms were theirmuin diet, eked out by buds. e86s,aXh ,3 
came to hand. Their brains, as far ns can be told, ’vl S 
by modern mammalian standards but showed great imn!1 
|n»t o«, these of reptiles. Ptetst^bly these fS S 
tneonspraous ,n their habits, dtrelling In »oodni 
regions There are suggestive features indicating a tree-dwelS 
life, and, as is the case with many mammals today, theyj 
have been nocturnal. Inconspicuous and small they had t 
remain for, as contemporaries of the dinosaurs, the threat c 
tl^' carnivorous reptiles lay constantly or 

But this long period of ‘ trial and tribulation ’ was not almg P t ht 
disadvantageous. It was, it would seem, a period of trainin 
apring which mammalian characters were being perfected wit 
^arpened. As a result, when, at the close of the Cretaosoiii 
Ae great reptiles finally died out and the world was left bat 
for newer typw of life, higher mammals prepared to tak 
evolve?'”* evolutionary di-ama had ahead, 

THE AGE OF MAMMALS 

In our Study of mammals we shall have much to say of th 
sequence of appearance of various forms. To do this satis 

w to Joiow something of the geologic 

time-table of the Cenozoic era, the Age of Mammals. We maj 
regard this era as including two periods. Tertiary andQuatemaiy' 
V reachmg to modern times. These periods aii 

subdivided to form some seven epochs, which are indicated ot 

^ the mammals wi 

mainly of archmc kin^, gradually giving place to the ancestor, 
of the existing types. In the later epochs of the Tertiary there i 
considerable evidmce of a gradual cooling of the North Tem 
perate regions. This cooling culminated in the Pleistocene lo 
^e in which portions of Europe and North America lyen 

several times covered with great glacial sheets of ice. 
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Subdivisions of the Cenozoic Era or 

Age of Mammals 

Ftriolh 

Epocht 

Esllmatcd Time 
since Ucgiiining 
of Epocli In 

Millfoiu ol Yeiiri 

QUATERNARY 

Recent 

1/50 

Plcbtoccne 

1 

TERTIARY 

Pliocene 

7 

Miocene 

19 

Olisocene 

30 

Eocene 

45 

pRlRocenfl 

55 


i POUCHED MAMMALS 

I tie late Cretaceous beds we find that the evolution of mam- 
^ during the reign of the dinosaurs had already resulted in 
« development of the two great living groups of mammals - 
enarsupials and placentais, 

OPOSSUMS, Of these two groups the marsupials, or pouched 
imnials, are the more primitive and Were the more abundant 
the l&t days of the dinosaurs. The living opossum is a typical . 
isupial and in habits and many structures seems to be very " 
illar, to the Mesozoic manunals. The mammal egg contains = 
to yolk, and, when first mammals began to bear their young 
e, there was no satisfactory mechanism by which the mothK 
id supply nourishment to the unborn young within her. in. 
sequence, the young were both at a very tiny and immature 
e of development. In our own case prematurely bom babies 
reared in an incubator; the marsupials have evolved q 
titute in the Much, or marsupiom, from which the group 
8 its name, 'fije tiny; seeminjdy hdpless marsupial ‘baby’ 

'is up the mother's bo^y and gains entrance to the pouch , 
he belly of the mother. Hem it>tods shelter and warmth; 
here, too, me pla^' the mother’s teits fi-bm which it gains 
ishment to grow to a stage where it is ready to face the 
d, '>'■' 1 ’ 

i«e were numercnjs, patched mammals present in the last 
of dinprnm ranch like the living 
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opossum in build but mainly of much • . I 

dawn of the Age of Mammals the opossums were w’’/* 
over the earth. In most regions. howevT they 
progress, for they were accompanied by hiEha!^! 
which rapidly suppJanted them In two reg£ 
had better luck. regions, however, t|| 

SOUTH AMERICAN MARSUPIALS. The Continent nf S I 
Wica IS now connected with the rest of the wSld L j 
the narrow Isthmus of Panam'i TMp ®woriabyoii| 

have been broken at the dawn of thlAge of "Mam '' 

^t reform until a very late stage of (Woic Jli!^ A^iS 
of placentals reached that continent and in its isolatim 
mto many strange and curious herbivoreu ty^^^^ 

°'T"- »' ■I’' srss 

dogs and cats entered South America heW fu I ™ ^ 
do™. E„, ^ .SoS hS il 

™7»=ias3..s£r“^ 

mak marsupials. In Australia the pouched mmil 

Sy al seemr®tT‘ That continent isisote3 

PoucLh ^ seems to have been isolated since the Cretaceoiii 
mammals had entered Australia before its isolati J 
but not a single high mammal of any sort, and until 

nd manimals had entered since (except, of course bats ani 
?hrES'’Tn5-"‘'v their i do4 

are stiU arboreal but have started a carnivorous carej 
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ijometimes tenned native ‘cats'; farther along in this evolu- 
vtionaiy line is the Tasmanian dOTil, a poweiful wolverine-like 
flBh-eater and the Tasmanian ‘wolf, very wolflike in appearance 
habits but a good pouched type quite unrelated to the wolves. 
^ branches of this stock have resulted in the evolution of a 
Ujecialized anteater comparable to placental forms and a ‘mole’ 
[ijdilch in almost every detail is a duplicate of the golden mole of 
ibulit Africa, a true placental mammal. 

> On the other hand, the primitive opossum type has given rise 
ljn Australia to many herbivorous forms. The centre stock of 
'these are the phalangers, often called native squirrels. Their 

f .habits and appearance are quite squirrel-like, and there are 
even pouched ‘flying squirrels* as an extreme example of 
^larallelism. Other herbivorous forms include the koala, or 
^native ‘bear’, which does look rather like a Teddy bear, and the 
.wombat, a woodchuck-like animal. A peculiar development is 
';ihat which has resulted in the kangaroos, ground^wejjling 
herbivores which have gained speed not by the evolution of 
hoofs (as in the larger herbivorous placentals) but by the taking- 
Bp of a hopping gait. 

We know little of the fossil history of these living Australian 
ahlmais except that in the Pleistocene there were a numbet of 
larger forms, now extinct, related to the living marsupials of that . 
I continent. These included giant kangaroos and giant wombats 
[ grown to the size of a rhinoceros. 

' This interesting Australian development was possible only 
, because of the isolation of these rather primitive mammals; 
and with the breaking of this isolation by the arrival of man, 
the Australian fauna seems on the road to extinction. Besides 
die inroads made by the fur trade, the introduction by man 
of other animals has done immense barm. Dogs and cats have 
found the marsupial an easy prey; and the introduction of the 
rabbit has proved a calamity bo& to man and to die native 
animals. 

PRIMITIVE PLACENTALS 

Beyond the conditions found in the marsupials, there is one 
final stage in the general line of mamimlian ascent which was 
stiU necessary to bring, them to their highest development ^ the 
evolution of primitive placentials. 
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development of the placenta We have nnt J ■ 1 
flaw in the process of bearing the young alive lay in 
the young, when born, were veiv tiny and hJni ^ 

l.dc of soffloion. 0 , „oo^SK'‘S^b,•?if, 

marsupial pouch has been fairly elTective in filline thh' ^ 
But the other mammals have done a better ioh ' T*"! 
niembranes (the allantois) which surrounded the dwelminl^ 
of the reptile ancestors has in higher mammah iSj 
contact with the walls of the uterus in which tl« 
embryo lies (cf. p 389). Through the walTs oti fit! 
the placenta, food and oxygen are carried from the nimhS 
^e einbiyo and permit it to grow to a far higher stagS 
birth than was otherwise possible. With a long period of devdl 
ment before birth and a long period of protection and trl£ 
after birth, the placental mammal can slowly mature its S: 
plicated mechanisms in brain and body. It can as a itsnir' 
function more efficiently as an adult than lower foms in 2' 

^^the body has Of necessity to be somewh^S^ 

The higher mammalian groups evolved an efficient platentsal' 
duI totS^ ?’ of tl«ir success has bej' 

S h f ““fol reproductive meohaniaii 

But they had no patent on this structure; and, while moiti 
mraupials have no placenta or a very inefficient one, 
Australian genus has finally achieved a placental structure veiji 
similar to that of higher mammals. However, this developmiati 

It is t^ late for the pouched mammals to try to compete wl® 
their true placental cousins with which we are concerned from' 
now onwards. 

INSECTIVORES. The ancestral placentals were seemingly, like 

mammals, rather genwal in 
tteir food habits but primarily insect-eaters. Among the placental' 
mammals there are still a few forms, mainly rather small and 
inconspicuous, which have retained such feeding habits to thii 
day md seem on the whole to have departed least from the 
primitive placental stock. The more familiar insectivores ani 
^he mole and hedgehog; we have here, as in the case of tjit 
gg- mammals, an example of the persistence of pritditiv 
animals due to an isolated and specialized mode of life, z 
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f A more generalized type is that of the 
{hrews - small creatures, mouse-like in 
appearance. These are not uncommon hut 
‘BK unfamiliar to most of us because of 
their small size and shy habits - features in 
which th^ presumably are similar to their 
;^ent Mesozoic ancestors. The shrews 
include the smallest of mammals, one species 
weighing no more than a ten-cent piece. 
They are extremely nervous little creatures, 
almost incessantly active. Correlated with 
this and« owing in great measure to the 
fact that their small size results in a relatively 
'high loss of heat through the skin, shrews 
eat voraciously to obtain food with which 
to stoke the furnaces of their bodies. A 



typical shrew will eat its own weight in food 
daily. 

Of especial interest is a modest group of 
Insectivores from the Old World tropics, 
the tree shrews. Although the trees were 
probably the ancestral home of placental 
mammals, most insectivores have turned 
towards terrestrial or even subterranean 
modes of life; the tree shrews alone are 
^istently arboreal. Apart from their 
retention of this primitive habitat, the tree 
shrews are important in that they appear 


The ddeat placental 
nenunab. These fia- ' 
ures represent two of 
six known skuUs per- 
tainlna to Uie ancestors 
of the advsnced main- . 
mallan groups. All us 
(tom the Cretaceous or 
Mongolia ; the original 
skuUs are but an inch' 
or two In length and 
lepteseni fotma some- 
what sindlar to the 
shrews . of today. 
(From Gregory] 


to represent the primitive stock from which sprang the primates. 


Despite the fact that their appearance shows no indication of 
relationship to monkeys, apes, or men, many points in tree-shrew 


anatomy show significant primate resemblances. 

The oldest of insect-eating placentals have been discovered 
but recently in Mongolia in the shape of a few tiny rioills of 
animals contemporary with the late Cretaceous dinosaurs. This 
final stage in mammal evolution had been reached towards the 
end of the long Mesozoic ‘training period*. When the Age of 
Keptiles had closed and the dinosaun had vanished, these 
effici^t placentals were frdly prepared to t^e over the vvorld, 
and their spfead was mpid. During the Paleocene, 
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Tertiary epochs, there was a speedy differentiation fromthft ' 
primitive small insect-eaters into a variety of diverse evolutional 
lines and a strong tendency for increase in size. By the Eoce^ 
the main lines of mammalian evolutionary history had been 
estabiished. Few of the original insect-eaters have survived' 
but all the great array of living higlicr mammals, from men (o ' 

whales, from horses to rats, have come from this insectlvorei'' 
stock* 



CHAPTER 10 

Flesh-Eating Mammals 

L«, be*» 

mammals 

c„, to which me i. HBh- 

pchjlaKl mcinly incKse to il» "cf"™ 

5i, ct a sort; and it P ij^-eatto! mammalc WM 

ar the ''^Sc S«« 

,£^'T2r"oWe.h--tos Wd. and 


CARNIVOROUS ADAPTATIONS 

ibetH. The major ^a arc JoncSed with^the teeth, 

tamammals of carnM hab^t «c 

Thecarmvore has to make its KUi y the „ 

10 pierce stout hide, cut tough .j_„u to digest and need 
•Z hand, desh ia S lhat to thn. 

Bot be well chewed. We find, ® ^ave been 

Bjore strictly flesh-eating ^ ^ ^gt, for example, has 

leduced almost to the ^ their kin, adhering less 

BO che>^g power J ^pt all their molars except 

SSiTthnto ttotort ».d hncrc^oP'd;, 

I considerable chewing powers, t,{gViiv developed. The 

1 The front part of the dOTtition . canines, or 
[Incisdrs are highly .useful in ^‘^“^Jtabbing weap^fa , 
S<dog-teeth’. are have sharp 

iBesh-eaters. Such cheek surfaces. In all typical 

i ridges and pointed cusps ra h ^ yg^ ^ 

carnivores there has . ‘oamassials’, which fbnetion in ' 

specialized pair of teeth call ^ j g (notice, e:g,i 

L tapotant W s S » tito ^ 

bow the house, cat works a cone . ,. 
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mouth to crack it). One of the unnor au . i 

living forms) and the lower tooSriS 
and much elongated with a shorn f j vay laip 

IMh do ». nSt di !»; 

l« »ch other, the opper bou, „ l5fo„SdfSl!°“" “ 
of .heont which can crack and sllco iwy to4 



A UmpUfled family tree of the carnlvona. 


vores. the skeleton of thftrunk^aSd^ir ^ 
primitive in pattern A eorn?^ generally rather 

prey. But it be speedy to catch ii 

condition with a reduction^- "8*d skeleton or the hoofed' 

herbivores tasJfb S “ ‘be Isrg^ 

supple and retain its rio • spying chapters. It must remaiif 

its p^y^Lri llllr ? “d 8^“PP«e « 

and, except for a freauennn«^'i''if''^f ^ typical carnivore^' 
toesareaUteSii^ “ ^ “g toe, the) 
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, ARCHAIC FLESH-EATERS 

Carnivores needed only, for their inception, to have some of 
;ihfelr placenta cousins develop into harmless herbivorous types 
iupon which they might prey. The development of such herbivores, 
particularly the archaic ungulates, began promptly with the 
^extinction of the dinosaurs, 
to the Paleocene, first of 
■the Tertiary periods, there 
just as promptly began the 
development of carnivores, 
to which they fell a prey. 

Some of the early carni- 
vores were almost indis- 
tinguishable from the 
ancestral insectivores from 
which they were being 
differentiated. But quite 
lapidly the old carnivores 
spread out into a number 
of types with divergent 
adaptations. The various 
flesh-eating forms which 
were dominant in the first 
two epochs of the Tertiary 
(the Paleocene and Eocene) 
are often grouped as archaic 
carnivores, or ^odonts, 
now entirely extinct. In 
almost all of them shearing 
camassial teeth were de- 
veloped, although the pair 
of cfieek teeth selected for 
this use varied. The brain was usually small, and presumably the 
intelligehce was nothing to boast of; but this mattered little, for 
the archaic herbivores which formed the main staple in their diet 
were equally feeble in brain development, In most of these old 
carnivores the body was long but the limbs short and the speed 
consequently slight; but again, the older hoofed animals, vvere 

«' 1 nnmr r tiv'lv ®ln' ' of o'’ir ; 



Crown view of the upper teeth of the right 
side in rsrloiu carnivores. Above, SImpa, ■ 
Uttle-specleliad Eocene creodont, wiUi ail 
teeth present. Centre, R fossil dog; the lest 
molar is lost, the oUier two molsis have 
some chewing power, and the triangular 
tooth in front of these (the lost premolar) 
la a specialized shearing tooth (carnosaial), 
Belov, a cat; shearing is highly developed, 
but chewing ability Is gone; of the molus 
there remains only a single vestigial tooth. 
The straight line connects the lest premolar, 
or camassial, In the three types. 



man and the vertebrates 
Some of the smaller creodonts seem to have beeh 1 
to m^ern weasels in their habits; others were 
hon<like. The range in size was great, Amonethela 
of the old stock may be menCd 
hyena-Iike teeth), which survived until the Oligt^rSff ' 
have preyed upon the great titanotheres. A 
Mongolian carnivore had a skull a yard lone- 
the largest flesh-eater that land marlaL hS JSS 

modern terrestrial carnivores 

The end of the Eocene and the beginninc of the 
the downfall of the archaic creodonts andS rS^Sit 
more modem flesh-eaters. the fissipedes. anS tJS ^ 
cats be^. and other living type? 
us^ to distinguish them from the web-footed sea Lnhli 
SPEED AND BRAINS. If we Seek for the cause ofSsS 
lution in the flesh-eaters, we naturally turn to an 

herbivores forming their food supph 
beginning of the Oligocenethw 
was a similar overturn of stocks. The archaic ungulates anS 
more clumsy odd-tcred types (such as titanotheres) weiepassta 
out of existent* and being replaced by speedier, hoofed iii3 
which would have been able to elude many of the rather slow 
CTTOdonts which had previously abounded. Then, too, theoS 
E smaU-brained forms; their successors seem to 

have tended toWMds larger brain development and greater 
intelllgenw. This latter feature may perhaps be the real clue to 
the downfaU of the creodonts. It takes brains to stalk a prey; 

creodonts there was only 
Shfc?? mconspicuous Eocene group (miaclds) to 

rtSna?*? developing; it is from this one stocit 

that all later flesh-eaters have arisen. 

'Epical of the early members of the 
mod^ carnivores which appeared at the end of the Eocene 

^ This ‘dog-weLel* is 

M the ancestor of the later dogs. This may 

particular dirert’ ^f\odictis was little speciaUzed in any 
particular direction and may have been close to the starting: 
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pjnt of all the later carnivore lines. The body was long, the 
igbs rather short, as is still the case with such types as the 
litoieal weasels or civets. This suggests that the ancestors of 
iyi« m carnivores had been tree dwellers to start with. In brain 
^ Cytxdictis was much better off proportionately than any 
^ont; this increase in intelligence may have been (as we 
ibalisee much more markedly in the case of our own ancestors) 
jmloped in relation to the complexities of arboreal life. 

In the Oligocene the differentation of the modem carnivore 
hniilies had already begun. Living, land flesh-eaters are divided 
(y.lecluucal characters into two main groups: one including 
dvets, hyenas, cats, and their relatives; the other group the 
dogs, raccoons, bears, weasels, and their kin. 

1 CIVETS, In the first group the cats, are the most familiar 
fofflis, but the civet family, including the mongoose, genets, 
land many other small Old World flesh-eaters, is much closer 
the basic stock. These tropical animals have never reached 
■ America. They are still arboreal in habits, with the short limbs 
iaid small size of their early ancestors; they occupy, roughly» 
Ih'the tropics the place taken by the weasels and their kin in 
i lheNorth Temperate Zone, Madagascar appears to have been 
I early separated from the continent of Africa, and, of carnivores, 

I ithas been populated only by the civet group. . 

I HYENAS. Likewise an exclusively Old World family are the 
Ihyenas, These are large and repulsive scavengers, with stout 
I teeth capable of dealing with the leavings of their more delicate , 
p carnivorous cousins ; they are also not averse to a fit of gravd- ■ 

I robbing. They have developed at a comparatively late time from ! 

I the civets. 

I CATS. Much older in origin are the felids, the cats, which 
Iwere already prominent in early Oligocene days. These ane the ^ 


I most purely carnivorous of carnivores; behind their camassiala : 
■ there is scajxjely a trace of molar teeth; a Cat, is ably equipped’ 

, for stabbing, biting, iuid slicing; for chewing it Is not equipp^ : 
at all. Rather in contrast to the dogs, which often run their 
prey down and. bunt in packs, the cat is a crafty individualist. 
The agile body is Incapable of sustaining speedy running for 
long distances; stalfing and a sadden jump on the ptey is thC 
cat method. The claws are highly developed as a useful aid; 
Modem cats are of many kinds: the domestic pussy, vj 
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wild cats lion, tiger, and so on. (Beware, by the way thefi„i,r ^ 
jungle picture which shows both lions and ti^rJ ' 

was made in Hollywood, and the animah ' 

in Asia.) These various cats look quite different 
but under their skins they are very similar to on? 

IS practically impossible, for example, to tell a lion’s Skull 
that of a tiger. Our domestic cat is probably one of the w”! 
additions to man’s animal entourage derived from nn ' 
wllto. 1mo.t Itofal 1„ app».ra£ ^ 

members of the cat family wer e the sabr e-toothed mts!Si 



“O “ Mbretooth (right). 1u 

Sm ^ widespread. Smtlodon, a Pleistocene 

^ co^on inhabitant of the U.S.A. until fairly 
everv speaking. Its skeleton is to be foundin 

have hpm A exceedingly numerous remains 

this olaee iif at the Rancho la Brea pits in California. At , 
Se t r ^ ^Seles there were, during a; 1 

recionram ^ animals of the | 

t^ surface were deposits of soft ' 

S'sen^ ® was trapped, the 

niimor ■« ®^®8bng animals brought, in search of food,' 
numerous flesh-eaters. notably sabretooths and an extinct wolf | 
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iOFpe and a giant vulture. These forms were veiy frequently 
trapped in their turn. In recent decades large quantities of 
skeletons have been excavated from the now hardened tar. 

Srrdbdan was a powerful animal as large as a tiger. But there 
(fere major differences from the ordinaiy felines. The lower 
: canine teeth were small; the upper ones, on the contrary, were 
■wceedingly long, curved sabres, capable of inflicting a deep 
; slashing wound. The lower jaw was so articulated that it could 
• be dropped at a right angle to clear the sabres; and the shape 
! of the skull indicates the possession of strong muscles to stiffen 
Hhe head during the stabbing and slicing stroke of the upper 
: canines. 

' It seems probable that this sabretooth development was an 
adaptation which fitted these old cats for dealing with thick- 
‘ skinned animals such as proboscidians. The ordinary carnivore 
.iisually tries for a quick kill - a bite into a vital structure. This, 
however, is almost impossible in an animal with a thick hide, 
flat long slashes of these sabres would make profusely bleeding 
wounds, followed eventually by death. The sabretooth played 
awaiting game, it would seem. 

The extinction of these animals is very possibly due to the 
practical extinction of the large thick-skinned animab which 
may have formed their prey. In the Pleistocene, for example, 
there were four large and common proboscidians in North 
America, as well as muneious large ground sloths. Today all 
ate extinct. It may be that the mastodons - primitive elephant- 
like forms - were an especial favourite of these creatures, for 
both Smilodon and mastodon survived to the end of the Pleisto- 
cene in ^erica, but both disappeared much earlier in Europe. 

. WEASELS. The second great group of modem land carnivores 
is that of the dogs, raccoon^ bears, weasels, and related types. 
Among these forms members of the weasel family are closest 
to the Original fissipedes in a number of respects, such as their 
frequent persistence in an arboreal life and their usual small 
size and short-legged build. These fonns are the north-temperate 
parallel to the tropical civets. Weaseb, martens, and fishers are 
characteristic of purely carnivorous forms, but there is a con- 
siderable amount of variation in the family. The skunks are 
somewhat less carnivorous in habits and have a rather mi^. 
diet, The wolverine and the badgers are large members of the. 
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. group. The otter has taken up a fish-eating mode of life ■ . I 
^ams, Md the related sea otter has become a good 
type, paralleling the seals in its adaptations. “atrne; 

dogs. The dogs, wolves, and foxes and their relatives, 
a second f^ly of this group. They are mainly plainIdweS ' 
P^-hunting animals, rapable of rapid locomotion fw ft 
distances. They are considerably less purely carnivorous in thi?' 
adaptations than the majority of their weasel relat^e” th™ 
have for example, retained two of their three 

The remains of p£ 

aminah are comp^atively abundant, and hence our histowTf 
fossil dogs IS relatively fuU. from the small Ollgocene anc^tal’ 

b^M tortoprf from the dog Mock, such ee entaw 
like and bearlike forms. There are numerous doglike forms in 
the tropics. In the North Temperate regions we have, howevw 
o^y two types of foxes (red and grey) and the wolf, with the 

coyote. The origin of the domestic 
og has been m dispute. Some have claimed the jackal as a 
progemtor but the wolf appears to be closely related to the 
ancestor, if not the ancestor itself. 

f * raccoons, together with a few relatives, 
^mo^ all of them American animals, appear to be quite closely 
related to the dogs and descended from early members of that, 
f^ly. These likeable little animals have persistently kept to 
* habitat of their early ancestors. They have in 

addition departed further from a carnivorous mode of life* 
one evidence of this is the fact that the shearing teeth can no' 
longer shear; they have been modified into chewing teeth like 
the molars behind them. The true panda and the giant paTiita 
^ the two Old World representatives of this group. These 
^ fo^ of relatively large size which have tended to come 
down from the trees. 

™ trend away from a carnivorous 
mode of life is seen in the bears, also members of the dog group 
of carmvores. These forms, which include the largest of living 
Md camivOTes, have in general a mixed diet; the polar bear, 
m a land where there is little to eat except fish, is the only 
pure carmvore in the family. The last molar tooth had, it would 
seem, already vanished before the bears drifted back towards a 
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jiiiivoroijs type of diet, and teeth, like other structural features 
^lly when once gone never reappear. But in bears the 
i^of a M set of back teeth has been made up for by the 
Lat elongation of the two molars which are left - the two do 
Me wiik of three. In the Miocene there were several large and 
Liber heavily built dog types which seem to be intermediate 
pwen dogs and bears in structure. 

Apart from the polar bear and a few tropical forms, the 
iiiodem bears belong to two groups - that of the black bears 
ud that including the brown and grizzly bears. In the second 
alegoty is a large cave bear which is found as a fossil in Ice 
Ige eaves in Europe, and the giant Kadiak bears of Alaska. 
AQtiATic CARNIVORES. A final group of carnivores is that 
if the purely marine types, the pinnipeds, including the various 
fieals pd the walrus. These are fish-feedng forms (except for 
|tbe walrus, a molluso-eater) which very probably have descended 
ibofu some primitive dog stock; their fossil history is poorly 
faigwn. A curious feature is that the tail had seemingly become 
loo feeble a structure in their land ancestors for it to resume 
i rudder iiinction. The hind legs (reduced in other marine 
mammals) have remained large and have turned back as a 
wbstitute for the missing tail 

The seals come ashore but, for the most part, only at the 
breeding season. The peculiar structure of the limbs renders 
to practically helpless and a prey to any large predatory 
animal, such as man. We pe not, technically, carnivores our- 
selves. But as destroyers of life, not only the lives of other 
animals, but those of our own kind, we are unquestionably 
without a peer in the animal kingdom. 



CHAPTER 11 


Hoofed Mammals 


Quite in contrast to the carnivores just discussed ate thehoofedi 
mammals, or ungulates, of which several groups will be^l 
sidered in the present chapter. By this term may be designaj 
almost all the larger herbivorous mammals. The name, 
is not entirely a distinctive one, for while typical ungulates sS 
as the horse and cow, have hoofs, the ungulate orders ihclWI 
number of animals with well-developed claws and even siidf’ 
types as the purely acquntic sea cows. Nor do the ungulates foiS‘' 
a. single natural group, for the hoofed condition has undoubt# 
been attained independently by various lines; and, strange wi 
^ it may seem, a cow is, for example, probably as closely relatei 

to a lion as to a horse, ^ 

' 

UNGULATE STRUCTURES 'si 

Despite the artificial nature of the ungulate asaemhl geft thW' 
are certain structural changes which have generally happened 
in the transformation of a primitive mammal of whatso#' 
group into a large herbivwe - changes having chiefly to dfi 
with teeth and limbs. 


TEETH. The sharp, pointed cheek teeth of primitive maiinnals 
were unfitted for a purely vegetable diet and were hot siiitsbld 
organs fpr undertaking the thorough chewing which, leave^ 
grain, or grass must undergo before passing into the stoniach; 
In relation to this we find that in ungulates the cheek teeth 
have generally teiided to become much enlarged and to deveto] 
a flattened grinding surface. In large forms, and especially iii 
animals (as, e.g., horses and cattle) which eat highly abrasive 
m^erial such as grass, the demands for increased grindiloj 
surface on the teeth are very great. In correlation with thisthe 
molars of many ungulates become high-crowned, the origin|fij 
low cusps rising to a great height above the roots but boiiiid 
together into a solid mass by a covering of cement, a mated^ 
confined to the roots of the teeth in ordinary mammals. - 
LIMBS. In most ungulates there is developed a fast typp oi 
locomotion. Speed is necessary for these harmless forms if 
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to escape flesh-eating enemies, and long-distance transporta- 
lion is essential for many ungulates which range from season 
to season over different feeding grounds. In primitive mammals 
the skeleton was a flexible one; in ungulates the joints of the 
various bones are so constructed as to be extremely efiScient 
for straightaway forward motion but very poorly adapted for 
my other types of movement (we all know, for example, how 
difficult it is for a horse to regain its feet after it has fallen in 
m unaccustomed position on a slippery pavement). In running 
types the first joints of the limbs (humerus and femur) are short, 
i giving a fast muscular drive, and the second segments long, 
Iwiiiging fore and aft over a wide angle. In addition, the bones 
lyhicb lie in the palm and sole are much elongated, and by thus 
, pinning on its toes the animal adds a third functional segment 
^10 the limb. With further development of speed the toes them- 
idves are lifted until the animal touches the ground only with 
their tips. With the result of attaining solid stance, hoofs are 
developed. A herbivore in general no longer needs claws, and 
these homy stmctures become short and broad and surround 
the end joint of each toe. 

With the lifting of the feet into the ungulate position, it is 
obvious that there will be a tendency for the short side toes to 
, fail to reach the ground and cease to function. In many ungulate 
grot^s these side toes are reduced and the central ones streng- 
' thened. The ‘thumb’ and big toe, which were short and primi- 
tively diverged from the others, have usually disappeared early 
in ungulates. Beyond this we find, as we shall see, two different 
f types of toe reduction in hoofed mammals - one in which the 
‘axis of the foot lies through the middle toe, leading to the 
[development of three- and onb-toed types such as the horses 
and rhinoceroses; a second in which the axis lies between the 
‘ third and fourth toes, leading to the development of two-toed, 
'cloven-hoofed’ types such as the pigs, deer, and cattle. 

The type of limb structure just described is that found in most 
small- or medium-sized ungulates. In large forms, such as 
elephants, a different series of problems is encountered, and the 
limb construction for the support of a heavy vveight is quite a 
different one. The limbs are comparatively short, straight, and 
thick; the fhi^ is long, the shin short. The foot is broad ; there 
is little tendency to loss of toes; these are i^ort and stumpy 
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and usually have a pad beneath them, forming a stout 
for the pillar of the limb. 

Speed is, of course, the best defence a harmless herbivomJ 
against a carnivore. But, in addition, we find defensive weaZ' 
in many ungulate types. Some hoofed mammals, such uS 
swine or some of the small deerlike forms, have large stahhy 
canine teeth. Much more common, however, is the dwlo3 
of horn-iike structures of one sort or another. ^ 

EARLY UNGULATES "I 

CONDYLARTHS, Hoofed mammals are unknown during J 
Age of Reptiles but made their appearance in considenl 
numbers even in the Paleocene, earliest of Tertiary epo3 
Fairly representative of an early stage in ungulate his3 
Phenacodus of the Lower Eocene of North America J 
Europe. This animal reached a size rather considerable fori 
time, the largest species attaining the dimensions of a tapifj 
general appearance it resembled some of the early camivrf 
for the body and tail were long and the limbs fairly short J 
primitive in structure. There are, however, good signs tb 
this form was already on the road towards higher ungala 
conditions, for not only were the cheek teeth expanded fort 
chewing of vegetable food, but in the feet, while all the toesr 
still present, each toe was capped by a small hoof. 

This Interesting form was once believed by some to be t 
actual ancestor of many of the later hoofed mammals. U, 
cannot be the case, for it is a bit too late in time (it was.a eoi 
temporary, e.g., of the early horses) and was also somewhat toi 
large to fit into the early ancestral stages of most later lidej 
But probably its smaller and more poorly known Paleocet 
relatives of the order Condylarthra were close to the stem ( 
some ofthe later great ungulate groups. > 

uiNTATHERBS. In many lines of manunalian developmenty 
may contrast ‘archaic’ and ‘modernized’ types. Thus, arooi 
carnivores, we have seen the development of archaic fortr 
the creodonts, which flourished, rapidly reached in many cat 
a very large size, and then disappeared quickly when placed 
competition with other • forms of niore progressive stmdui 
So , among ungulates we find archaic and progressive' fo^ 
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Inintatheres (order Dinocerata). These were characteristic of the 
^Paleocene and Eocene. By the end of the latter period some of 
Ifiem reached the size of an elephant. These heavy types were 
sjiot built for speed; tlie limbs were powerful, elephant-like 
; columns; all the toes were retained to brace a presumably 
padded foot. It is probable that the uintatheres were swamp 
dwelleta; but even so they needed protection against the larger 
contemporary Sesh-eaters. Large upper canine tusks were de- 
veloped as weapons at an early date, and in addition three pairs 
of hornlike structures projected from the top of the head. 
Uintatheres were exceedingly small-brained types, and their 
tooth construction also was too poor to stand anything but 
?lhe softest of food. With the end of the Eocene this line became 
extinct. 

ODD-TOED UNGULATES 

the Eocene more progressive ungulates were already well 
started on their careers. Most prominent of ungulates from the 
focene on were two groups - the perissodactyls, or odd-toed 



Tbe right front Ihet of vulous odd-toed ungolates. A, on Oligocene- 
nmning rhinoceros; B, e four-toed OUgocene true rhinoceros; C, a later 
(Miocene) three-toed rhinoceros; D, tbe gisantic rhinoceros BalucM- 
iherlum, with a pOlet-Uke foot; £, a tapir; P, a titanothere; C, the 
challcothere, Moropus. Tbe ‘thumb* la absent in aU. In some the 'Uttle 
finger* is present CF, E, F, G) but tends to be anutU and is lost In most 
rhinoceroses (A, C, D). results in a three-toed condltioo, ss In many 
of the (relatetl) horses. 
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ungulatM, and the artiodactyls, the cloven-hoofed or , 
types; these will betreatedinturn. ^ 

^ TOE REDUCTION IN ODD-TOED FORMS The Deri«ful 
include, among living hoofed mammals, the hoSsS’ 
ffibra and ass relatives, the rhinoceroses, and the 
addition there were two interesting extinct families rt 
a™ and Chmnntic K S 

foot symmetry with the axis through the ndddle toJ^J 
tendency to reduce the toes from five to four or tK 
finally, m horses, to one. In order to see how this tyZL 
reduction has worked out, try the experiment of pl2g^^ 
hand on a table in the flat position of the orimitiw 

of a primtive hoofed mammal walking on its toes As 
done, it is obvious that the thumb soon ceases to touch 
were, lost, your hand would be in the four-fingered 

Raise the hand a bit more, and the little finger ceases to tS 

'Characteristic of mostf^t 
LfZ A ‘’•T* rhinoceroses. And, finS 
getting the hand straight up from the table, only the milf 
Itager touches. You have thus in a brief space of time reprad 
the essentials of the story of limb evolution in the horses W 
five toes to a one-toed condi- ™ 

tion, 

HORSES. The oldest of 
horses, Eohippus, the dawn 
horse, appears at the begiiuiing 
of the Eocene epoch; frequent 
remains of this tiny horse, no 
larger than a fox terrier, are 
found in deposits of that date 
the western U.S.A. This 


m 

form was already a slimly buQt 
1 little fellow with quite long legs; 
but while toe reduction had 
already begun, there were still 
four toes in front and three 
behind. The cheek teeth, of 
’ Ihe dawn horse were still 



Eohippus and 'Eohomo', the „ 
horse', and the 'dawn nan', a jhtiaL- 
, sketch made by T. H, HiBley'-iip 
seeing the remalna of the oldest ' 

Needless to say the two were flot.M'j 
temporaries - by 50,000,00() yetuf^'ilf^ 
(Front Schuchert and La Venai' ' 
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ow-ccowned and incapable 
)f, coping with much hard 
bod; presumably he dwelt 
n the forests, existing as a 
jrowser rather than as a graz- 
,ng type. Eohippus seems 
lurely the beginning of the 
horse line, but is probably 
dose to the stock from which 
have come the other odd- 
toed ungulates as well. 

Mesohippus, a typical Oli- 
gocene horse, was bigger, the 
size of a collie or larger. The 
'little finger’ had been lost, 
resulting in a count of three 
toes on all the feet. By the 
Miocene the mainline of horse 
evolution, leading to such 
fonns as Parahippus and 
MerycMppus, was acquiring 
high-crowned teeth, suggest- 
ing a grass diet and a change 
to plains life. This is also 
: borne out by the feet, in which 
the two side toes, although 
still present, were becoming 
I'sllm and short and probably 
; did not normady touch the 
I ground.Asingletoeisnotwell 
adapted to rough going but is 



A B c , B 



A BCD 

The evolution of the feet in hones. All of 
the right side; front feet oSow, hind feet 
belmi. The 'thumb' has diseppeered In 
even the earliest known horses. A, Eohippus, 
a ptiinltive Eocene Form with fopr toes In 
front and Ihne behind ; B, Mlohlppus, an 
Oligocene three- toed horse; C, Mtiy- 
chippia, a la;e Miocene farm with reduced 
latere] toes; D, Equus of the Pleislocene 
and Recent. {A after Cope, B, C, after 
Osborn) 


aii excellent structure on the hard surface of the plains. Hipparion 


and other forms which survived into the Pliocene were the size of a 


pony and lightly built, fast-running types. Horses had been quite 


rare in the Old World to begin with, butbythe Pliocene,ifiKfWTO« 


TOswidespreadovertheNorthemHemisphere.DuringthePliocene 
period the side toes tended to disappear, and by the beginning of 


the Ice Age horses of modem type, with but one complete toe, 
were present on eveiy continent except Australia. > 

In the Old World there develops not only true horses but 
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the closely telat^ 

^ and asses. Today the qnf 
progenitors of the » 



Crown view of lh« upper cheek teeth (molurs 
end premolurs) of <«, Eohinpm-, B, the modern 
horse, seiius Emms. These use or the tight 
side; with (heiVont of (he incHtih lo (he riKhi. 
The simple six-ewsped teeth of KuMmtx huve 
elooBated arid evolved into a very ccMhplicaicd 
pHttern in the recent forniB. The three teeth to 
the 1«R an the molurse Tiiese were uiready 
fftirly well develoijcd in the early horses. In 
modern horses three of the more aiuerlor 
teeth (premolars or 'bicuspids*) have Kuiued 
a form similar to that of the molars. 


of the horse fainily: d 
native horses were present there throughout the Pleistoontsfi 
Ago, Subsequent to the last retreat of the ice, however, they fee 
came entirely extinct there. The horses are only one of a numfea 
of large animals which lived in America at, geologically, a re 
period and have since vanished from the continent. Besidesho 
ground sloths, glyptodonts, giant armadillos, camels, mast 
and mammoths all inhabited the United States nc 


by only a rare, jihay 
maned, pony-Hke 3 
(Prezwalski’s horse) M 
thesteppesofCeatial^ 
Horses were hUntedl 
food by our Stone Ai 
ancestors, but the blffl 
records of donrestiQst^ 
forms cannot be tr^ 
beyond the third 
nium before Christ. V; | 
America was the mi 




of B. a modern typo of horse. In the' | 

■ C.. tooth row ,nd 

^proportlona^and-t^^:,?:^^ 


do not know umt i.uucnmg me smaller ipn 

tapirs, a muteh less prominent group of odd-toed un^ 
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S that of the tapirs. Today their only living representatives are 
anfined to the tropics of South America and the Malay region, 
ji the Tertiary they inhabited North America and Europe; the 
;old of the Pleistocene appears to have been responsible for 
[heir extermination in these northern latitudes. The tapirs, 
except for their somewhat larger size and stockier build and 
the development of a pendant snout, are in many respects quite 
close to the ancestral horse types. Like the earliest horses, the 
living tapirs have four toes in the front feet and three behind; 
lie them, the teeth are low-crowned; and the tapirs today are 
|)ersi5tently forest dwellers. These forms have departed least of 
all the odd-toed ungulates from the primitive stock of the order. 

, RHINOCEROSES. The rhinoceroses of the Old World tropics 
the living remnants of a once-important group of odd-toed 
pioofed matmnals. They are large, ungainly, three-toed creatures 
iwith one or two horns on the top of their long low skulls. These 
Ihoins are of a peculiar structure. They consist not of true horn 
|or bnne but of a bundle of hairs ‘glued’ together into a compact 
;kass. 

Far different were the earliest rhinoceroses which appeared 
in the Eocene as contemporaries of the early horses. These 
were comparatively small and slim ‘running rhinoceroses’, 
seemingly much like their horse relatives in build, hornless, 
;knd at first with four toes still present on the front feet. In the 
^following period there had evolved somewhat more normal 
three-toed rhinoceroses of larger size and heavier build. Homs, 
fhowever, were slow to make their appearance and were abseht 
|ih many eafly types. 

!> Muchitherim, an Oligocene hornless form recently excavated 
t in Central Asia, was perhaps the most remarkable of all 
I rhinoceroses. This animal was some seventeen feet in height 
|.md was proportioned like a heavily built giraffe. It appears 
ifto have been the largest of all terrestrial mammals but was, of ' 
'course, considerably smaller than some of the. dinosaurs. 

1 There were many variants among the older rhinooeroses; 
short-legged, water-living forms, for example, and the woolly 
^ rhinoceros of the Ice Age in Europe, whose warm shaggy pelt 
I Is made known to us not only by the drawings of cavemen but 
also through the fact that two of these fonns have been found 
‘pickled' entire in a Galician' oil seep. Rhinoceroses were presmit 
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in North America as well as in the Old World until th. . I 
the Tertiary. Today they seem to be a dyfagSl 
extinction. ® 


TITANOTHERES. An interesting fossil group of 
forms IS that of the titanotheres. ‘titanic msSuSA^ 
began in the Eocene with forms of somewhat hoiselikeaiS 
ancc. But there was a rapid tendency towards extremely D 
srze and a ponderous elephantine build (four and t^ S 
were retained on the front and hind limbs, respectively of to- 
fornm to the end of their history). Slow of speed, 
herbivores seem to have been a source of prey for the larier 
caniivores of their day, and in relation to their needs for deS 
we find that m a number of distinct types of titanotheres pZ 
bony horns appeared over the nasal region. These forms wm 
ataost entirely confined to North America. At the begimW 
Of the Ohgocene. giant titanotheres were the commcm^ 
mammals in the western part of the U.S.A., and fossil remains of 
them Me very abundant in the South Dakota Bad Lands, to 
following this climax in development of size and numbers of 
^oup, they disappeared abruptly from the fossil record. A pos.| 
sible reason for extinction is the fact that the teeth of these fonm 
were suitable oifiy for the softest of plant food ; a slight chanJ 
m vegetation might have been enough to cause their undS 
CHALtcoTHERES. A final gToup of odd-toed ungulates isf 
that of the chalicotheres, now quite extinct also but not nnj 
common dming the Tertiary. In general structure these fomsi 
were not dissMlar to the horses, while their teeth werh, quite' 
like those of titanotheres. On both counts we must place tlm 
m me group of odd-toed hoofed mammals. But meir feet are ofl 
such a character as to belie the name, for the toes terminStedl 
not m hoofs but in huge claws. So unexpected is such a featuiu i 
in an ungulate group that it was long argued that we could? 
not include fiiem among the odd-toed forms. But belong hfire;- 
©y do. Seemingly, the claws were an adaptation for digging" 
foeir diet which may have formed a major part of , 

T ^ c<id-toed ungulates have not proved a success. 

e. early days of mammalian history they were numerous 
and widespread. But today two of me five groups are entirely, 
extinct, and me tapirs and rhinoceroses are gieatfy reduced in ' 
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^ambers. The horse family has held its own ; but even here wild 
liiiris are none too, common, and the advance of machinery is 
jBBking inroads on the numbers of our useful domestic horse. 

ii'i 

£ EVEN-TOED UNGULATES 


iMuch more successful, in modem times, have been the even-toed 
Ugulates or artiodactyls. These forms were not as common 



A funlly tree of the even-toed ungulates (artiodactyls). The major cleavage 
IS Into the pig group (le/l) and the cud-ehewers, or ruminants (rtghi). 
Among the letter the camels appear to have diverged at an early date. 


as their odd-toed rivals in the earliest days of ungulate deyelop- 
medt, but they have become increasingly prominent during the 
course of the Age of Mammals and seem to be at the peak of 
their development at the present time. To this group belong 
the common large food animals and a host of wild types - pigs 
and peccaries, the hippopotami, camels, deer, giraffes, cattle, 
sheep, goats and antelopes. 

, TOE REDUCTION IN EVEN-TOED FORMS.. To gain ah illea 
of the type of toe reduction encountered in the even-toed foii^ 
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try again the 
ment* of 
ment^ned 

the thumb has lifted, tiiji 
hand is in a fOBr-toed;! 

stage, as was the case iiji 
many early members o| 
the present group and.li 
still characteristic of 
pigsandcertain otherliW 
ing forms. If, with : 
fingers touching, th^ | 
be shifted about miii t 
they rest comfortably 0^4 
the table, it will be fnM 
that the two central onesf 

somewhat in advance of the others, and. if the hsmd 
farther, these two alone touch, and the second and fifth awl 
raised from the table. It is this type of toe reduction that hM'; 
talcen place m the higher even-toed forms; the cloven hoofoi! 
the sheep or cow in reality consists of two closely applied toal 
the third and fourth. 'I 

The first even-toed types appeared in the early Eocene, but' 
it was not until the close of that epoch that they became promi^ 
nent members of animal society. From the first there seems to' 
have been a distinct cleavage into two groups, the swine andl 
their relatives on the one hand, and the cud-chewets. ot* 
ruminants, on the other. 


Tho right frOQl feet of various even-toed ungu- 
lates. A, an oreodon; O, a primitive ruminant: 
C, a peccary; D, a primitive deer; E, a camel. 
Tlie 'thumb ' was rapidly lost, anti the foot tended 
to become four-toed, with toes 2 and 3 more pro- 
minent. The lateral toes become reduced to 
•dew claws’ or disappear, teaving the two centre 
toes aa a ’cloven hoof. The two bones supporting 
these toes (metapodlaLs) fuse in most cud- 
cheweri to form a oennon bone. 


PIQLIKE ARTIODACTYLS. The pigs and their relatives are! 
^ most primitive of living even-toed forms in many waysl! 
They are still four-toed animals (although the side toes are mucli 
redured) and the limbs are little elbngated; not much speed 
has developed. The diet of the pig is still of a rath« primitive;' 
oimivorous type, in contrast to their more advanced ruminaiit ! 
relatives; swine will eat anything from potatoes to rattlesnakes. 
The pigs and their closest fossil relatives are confined to the Old 
World. There are found, in addition to the wild boar type from 
which our domestic porkers are derived, a number of distinct 
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Ivtagforms, including among 
rpthers the wart hogs of 
jiftica and the babirussa of 
ithe East Indies. The pigs 
We large canine tusks ; these 
paally curl outwards and 
i'ffi&x upwards at the side of 
[the skull. In the babirussa 
toey actually turn straight up 
iaiid pierce through the top of 
|the nose as a peculiar type of 
‘ horn. This might be considered as a useful adaptation if the tusks 
jtopped there, but they do not. They continue growing and curve 
back in a spiral in front of the eyes. Such a seemingly useless 
eeod product of a seemingly useful devdopment constitutes one 
of the many puzzles with which the student of evolutionary 


Hio skull of an Oligocene giant pig 
{Arehacothertum). Tlie use (if any) of the 
bony knobs on the jaw and below the eye 
socket a unknown. This skull was about 
14 feet long; some were about twice this 
sise. (After Scott) 


^processes must deal. 

t Closely related to the pigs are the peccaries, small and more 
slightly built forms in which (as a distinguishing feature) the tusks 
i,grow straight downward in normal fashion. Today the peccaries 
■are mainly found in South America, although one type ranges 
as fer north as Texas. Peccaries passed their early history in 
North America, and even during the Ice Age they were numerous 
as far north as Michigan and Maryland. 

^ A distant ally of the swine is the hippopotamus, a large water- 
1 living, piglike type now found only in tropical Africa but in the 
Pleistocene in regions as far removed as England and China. 

' In addition there are several extinct groups of animals which 
are allied to the swine. Most prominent of these fossil forms 
were the ‘giant hogs’ (entelodonts) of the Oligocene and 
' Miocene. These were animals of large size, one form being 
about as large as a buffalo. The giant hogs were rather more 
1 progressive than their porcine relatives in their limbs, which 
iveie fairly long and in which the toes had been reduced to two. 

. Peculiar flanges of bone grew down from the sides of the skull 
;md jawSj suggesting a repulsive appearance; that their dis- 
' positions were none too good is suggested by the fact that some,. 
foKil skulls shpw wounds apparently inflicted by the animal’s 
; 6 wnkind. ■ 

PRIMITIVE RUMINANTS. The piglike forms described ahpvft, 
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constitute one division of the even-toed ungulates' I 
and much more important, division of the group ia’th^ S 
ruminants, or cud-chewcra. These forms are. in conC S 
swine, pure vegetarians. In all the living members of this 
there is a complicated stomach; partly digested food is 
to the mouth, the ‘cud’ chewed, and then returned toS 
stomach compartment to cootir.ve its digestive travels W 
aide toes have tended to disappear fairly rapidly, and ihi!!: 
members of the group have but two functional digits, althoul 
the lateral ones may be represented by vestigal ‘dew claws’ 

In the earlier periods of the Tertiary there was a great abundai® 
of primitive ruminants, ancestral as a group to later fornista 
mmt of them representing side branches of the ruminant stod. 
Fairly characteristic of these early forms were the oreodonts. 
which, judging by the abundance of their remains in the White- 
River Bad Lands of South Dakota, must have swanned the « 
western plains in enormous numbers in Oligocehe times. The I 
oreodonts are often called, for want of a better name, ‘mminatiiiit 
swine’. This refers to the fact that, as judged by their teeth,thm I 
were closely related to cud-chewing types of today and that, -1 
on the other hand, the limbs were short and stocky and the^i 
general proportions quite piglike. There were four short toes. 
and in one type even the thumb had been retained. ! 

CAMELS. Even while the oreodonts and other primitive cud:’ ' 
chewers flourished, higher ruminant groups were emerging. Tliei 
earliest group to develop, and the one most distinct from other' 
ruminants, is that of the camels and llamas. The camels, as we 
know them to-day, are Old World desert dwellers of large size, 
with a hump (or two) as a reserve food supply on their hanVn , 
Thwe are but two divergent toes on the long limbs, bearing a 
pad beneath them for better support on soft sands. The 
and related South American forms are quite different in appear, 
anw, they are much smaller mountain and plains dwellers, 
lackfag a hump and covered with a thick coat of wool. These 
two kinds of animals, however, are closely related despite the 
differences in looks and their widely separated habitats, . ■ 

. The clue to their distribution lies in the fact that North 
^enca was their original home. The little early camels of the 
Ohg^e and Miocene were remarkable for the rapidiftr with 
which the side toes were lost and the limbs lengthened. 
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Jresuniably the hump is a very recent acquirement in camels ; the 
older members of the family appear to have been plains and 
glade dwellers rather than desert types. Among the Tertiary 
camels of North America were a number of distinct types, one 
small form having the slender build of a gazelle, others developing 
])bt only long legs but a long neck similar to that of giraffes. 

By Pleistocene times the llamas had gained their present home 
in South America, and true camels had migrated to Asia. 
Canrols, however, persisted in the Southwest of the U.S.A. 
until comparatively late times. Why they became extinct is, as 
“'In the case of the horses, a mystery, for camels were found to 

be well adapted to the south- 
western deserts when reintro- 
duced there by man. 

CHEVROTAINS AND 
THEtR FOSSIL RELATIVES. 
In contrast to the camels 
in such features as a still 
more complicated stomach 
are the remaining numerous 
artiodswtyl families of which 
the deer, giraffe, and cattle 
are representative types. Very 
primitive members of this 
group are the chevfotains, or 
water deer, of south-eastern 
Asia and tropical Africa. 
These are tjny animals not 
much bigger than a large rat in o&e case and much like miniature 
deer in appearance. There are no horns of any sort, but there are 
sharp canine tusks as defensive weapon|9. They have in some cases 
four complete toes, a feature retained to-day in none of the other 
higher ruminants. 

These water deer are living relics of a group which flourished 
greatly during Oligocene times. Some of these older forihs were 
very similar to the chevrotains in size and structure. Others were 
beginning to branch off into various lines of specializaticm. 
Certain of these branches are extinct; others, have led to the 
existing families of higher ruminants described below; Ini most 
cases there was a taidency towards increase in si»; and white 



skull of a fossil runilnfint {fiyn- 
ih9toc€raa) from the Pliocene of AiKierica. 
PescMded from jfcc primitive musk'deer 
stock, this forqilPn ecqulied ^horns', as 
bave other advanced types, but has 
developed most promlnenUy a huge fused 
pair above the nostrils. (Afler Stirton) 
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a number of early forms had canines as defensive 
most of the advanced types tended to develop homs^S 
sort or other. Of the extinct groups we may mention 
^mple one in which several pairs of horns siarted fo Xi 
along the length of the head and in which the donSS 
came to be, in Synthetoceras, over the nostrils rather thant 
the more usual position on the forehead. ^ 

DEER. The deer and related forms - elk, moose, relafe 
^d so on _ have been a comparatively conservative woudjI 
far as habits are concerned, for (with low-crowned teZ H 
have mainly remained browsers and have rarely left the 
whieh appear to have been the original home of the hldte 
Mtiodaotyls. They are essentially animals of the TemS 
Zone; very few have entered the tropics, but. on the other haod 
they have extended their range into the tundras and banal 
lands of the Far North. ^ 

A most obvious feature of deer structure is the developmeni 
of antlers. We sometimes speak of a deer's horns; but, propeth 
speaking, a horn should be covered, as is a cow’s, with actua 
hom - a hardened skin material identical in nature with ou 
fingernails. In the case of the deer there is no such structutB- ; 
toe antler insists of bone alone. During the antler’s growth- 
it IS covered by soft, furry skin - velvet - but this dies and is ■ 
rabbed off when growth is completed. Antlers differ from horns i 
in two other Matures. A true hom is a single structure, although ' 
It may be v^iously twisted or coiled, whereas in many deer the ' 
antlers are divide into a considerable number of branches, or:. 
tines, A still greater difference is the fact that horns are per-' 
manent rtructures, but antlers are shed. Every year the antler,’ 
breaks off at the base, or burr, and then grows aiiew to lama , 
sire and greater complexity. This seems a very wasteful feature 
when we think, for example, of the great amount of food which': 
must have gone yearly to build up toe gigantic antlers of the 
great extinct ‘Irish elk’. 

GIRAFFES. The giraffe is a representative of a further grom* 
of higha ruminmts. This beast, too, is a browsing form; bub 
.toe gir^e IS a dweller in toe savannas rather than toe woods 
and, with hnu^ted amounts of trees to graze upoin, has evolved 

The long front. 

legs and exceedingly long neck enable it to reach high branches' 
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ijoaccessible to ordinary animals. We have said that higher 
jummants all have tended to develop horns of some sort, and 
the giraffe is no exception, for he bears small, skin-covered 
tiany prongs on the top of his skull, 

Ihe giraffe’s long neck is an interesting development; but it 
has not involved the addition of a single bone to the animal’s 
skeleton. The neck of an ordinary mammal contains seven 
vertebrae; that of the giraffe contains exactly the same number, 
'{ach one, of course, greatly elongated. On the other hand, we 
,fflay note that in the whale, in which there is practically no 
oe(k and the head is buttressed right in front of the shoulders, 
there are again just seven neck vertebrae, but each one is 
fficeedingly short. Reptiles, as we have seen, have a great 
degree of variation in their neck skeletons; mammals, for some 
unknown reason, almost never depart from the primitive 
number of neck vertebrae. 

Fossil relatives of the giraffes, similar to the living form in 
most respects, but with short nec^, have long been known from 
Pliocene deposits. It was therefore of considerable interest when 
there was discovered early in the present century in the forests 
of the Belgian Congo the okapi, a living, short-necked giiaJGfe 
relative. 

THB PRONOBUCK. The giraffes are entirely Old World 
types; the one higher ruminant peculiar to No^ America is 
fte prongbuck of the western plains. This creature has muqh 
of the build and habits of the antelopes of the Old World but 
is quite a distinct type, as is shown by its ‘horns’. 

These structures consist of a bony core which is never shed 
snd is covered with horn. In these respects the prongbuck agrees 
with the cattle tribe. But, on the other hand, the prongbuck 
does shed the homy covering of the horn, and the horn is 
forked. These characters suggest the dear. To which group does 
the prongbuck, then, belong? To neither, really ; it is a nativq 
product, end form of an independent, purely American line of 
ruminant development of which there are many fossil repre- 
sentatives. 

CATTLE AND RELATED TYPES. A final and the largest 
group of higher ruminants is that of the bovids, including the 
cattle and their numerous relatives - antelopes, sheep, goats, 
and othra familiar forms. These are mainly plains dwellers, 
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mth high-crowned teeth capable, as is the case with ho«« S 
utilizing grass as a food supply. In almost all 
group true horns have developed, simple although oC™ f 
curved structures with a permanent bony oore^ atS 
and tipped with hollow horn. Bovids were comnalaS 
in their development, for there were but few of themln tt*: 
Miocene, and it is only towards the end of the Tertiary thstiu I 
became numerous. But once started on their careers 
swept all before them and are now. in open country of aUsoS 

The oldest forms were not dissimilar to some of the sm2 
antelopes, active plains dwellers with horns that are oftehS 
and comp^atively straight. Antelope types am most prevfi 

^ f ’ the centre of artiodactyl evolution. 

One familiar side branch of the family is that of the sheep aiid 
goats - antelope descendants which have taken to motmtain 
regions and incidentally, have tended to develop heavy 

o/pur^' represented in the higblandi 

numerous wild species, from certain (i{ 
which have been derived our domestic races. 

A second group, which has tended to migrate to colW 
elites, is that of the muskoxen, which are now confined to 
the Far North, but which were inhabitants of much more 
outhera regions in Europe and America during the Ice Age 
just behind us. , = •‘s- 

Ctoain. of the African antelopes of today, such as the hait^ 
, teest and the ^u (of crossword-puzzle fame), are quite largb 
and heavily built and with S-shaped horns which are tHrn'p i 
out from the side of the head before curving up and forwal* 
these seem to represent the ancestors of the important cattle 
tobo which appears shorUy before the beginning of the lee 
Age. &ttle such as the forms from which our domestic races 
nave h^ derived seem to have ranged widely- over the Old 
or during the days of our old Stone Age ancestors; there 
was so a giant ox perhaps half again as large as the living forms, 
This last was still present and hunted in Germany in the Middle 
Md some of its blood may still flow in a few European 
h«(b. Besides the ordinary domestic cattle, there are a numbN 
ot Other related types, such as the water buffaloes in the tropicail 
regions of southern Asiaj several of these have also beenbrou^t 
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jtodofflestlc use. Also closely affiliated to the cattle are the 
jjjoos of both Europe and America, now nearly extinct, but 
common in Pleistocene times. 

' The history of the cattle-antelope group has been almost 
jiitiffily confined to the Old World. It was there that these 
^ had their origin, and it is there that almost all the 
|(jiig wild forms are found today. Only three members of the 
Ijiaily have successfully invaded North America - the bison 
|iid the mountain sheep and mountain ‘goat’ of the Rockies. 
Ibis lack of representation is seemingly due to the fact that 
ie family developed late in the Age of Mammals. They were, 
llbc the most part, tropical plains dwellers, and only forms such 
|is those above, which can stand cold climates or inhabit 
jMDfltains, were able to make the (by then) difficult passage 
lom Asia via Alaska. 

^ The even-toed ungulates are, in contrast to the perissodactylsj 
iflourishing group. To what has their success been due? Perhaps 
bt so much to their good teeth, although they arc good, or to 
jpod brains - we are the animals that boast of that feature - or, 
^haps, to good feet, although there are some dever mechanical 
idaptations in the limbs of this group; perhaps (since it is the 
liigber ruminants that compose the greater part of the modem 
iaitiodactyl population) the development of the stomach may 
kve been the real cause of artiodactyl success, 

I Which are more important - brains or stomachs? Sometimes, 
Vliea indigestion hits us, we may think of a good stomach as 
|the really essential thing in life. But, when we sit down to a 
'meal of beef or lamb or pork, we may reflect that brains do 
iseem, on the whole, to have won. 



CHAPTER 12 

More Ungulates 

While the odd- 3.nd cven-toed crouns arp fhp mnn^i • i ^ 
unsul^ ,„ck,, ,h^ „ ta .ro”. to 
living and extinct, which arc grouped as hoofed iiKuiunaS 
the present chapter we shall consider two series of unwlaij 
6rst, the subungulates, including conies, elephants. andSS 
and then a varied assemblage of forms, now extinct, whicha 
inhabited South America. 

SUBUNGULA.TES ; ^ 

Under the h^ing of subungulates are included the conieJ 
small rodent-hke creatures from Africa and Syria - the n# 
boscidians, including the elephants and their extinct relatlw^ 
the sea cows, and several apparently allied fossil forms. Thei 

• u. “seniblage, a seemingly incongni3 

jumble of land and sea forms, large and small types; butesffi 
representatives of the varie^ groups show fundamental site! 
larities which strongly suggest a common origin; and the faef 
that the earliest fossil forms are found in Africa suggests N 
that continent was their common ancestral home. . ? 

CONIES. Most primitive of subungulates in many lespe^ 
are the conies, or dassies (ffyrax. etc.), of Africa andsqittiJ 

0**^ English teniiii 

rabbit (Coney Island, e.g., means Rabbit Island) but has beeff 
used in the English Bible as the best equivalent for the 
no^ under discussion. The comparison is not inappropriate; fiSt 
the dassies have chisel-like front teeth and gnawing habits 
similar to those of the rodents. The comparison would be.bett^ 
owevM, with the woodchuck rather than the rabbit as regards 
general appearance and habits. Most conies are ground dwellt^ 
m rocky country, but one type is somewhat arboreal. , / :;!| 

* .L * rodent resemblances are superficial only. The ch^ 
teeth m rather more like those of a miniature rhinocerosv^m 
an^ipg else, and the general build of these odd mamnsalal 
qmte difierent from that of ahy common group; theyrh- 

obviously had a long mdependent history. This ' ‘ 
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|]onie out by the fossil record. The oldest African land animals 
of the Age of Mammals are found in the Fayum region of 
Egypt, in beds of late Eocene and early Oligocene age. In these 
lieds conies are already numerous and varied, one form being 
as large as a lion. They have never been discovered as fossils 
outside of Africa and the eastern Mediterranean region and 
apparently are a group characteristically African in origin. 

ELEPHANTS. The elephants are the only living representatives 
of the proboscidians, mammals with a trunk. These ponderous 
fellows are the largest living land creatures; of living animals 
only a few of the whales are larger, and in the past they have been 
aceeded in bulk only by some of the dinosaurs and one giant 
rhinoceros; Their great weight has resulted (as in all heavy land 
animals) in a pillow-like construction of the limbs, the straight 
lep ending in a broad, padded foot. The skull is very short and 
high. Of the originally numerous front teeth there remain but 
two upper incisors which extend forward as the two long curved 
; tusks; above, the nose is extended to form the long flexible 
proboscis. The cheek teeth are of a very curious nature. All 
} the molars of an ordinary primitive mammal axe present, and 
; each one is a very large high-crowned structure with numerous 
["cross-ridges which can undergo considerable wear. The jaw, 
I however, is very short, and the elephants have evolved an odd 
t type of tooth replacement whereby only four Of the dozen molars 
I ate in place at once, one in each half of each jaw. The teeth are 
' formed one after another in the back part of the jaws and 
I' gradually swing around into position as the preceding tooth is 
' ground down to the roots and discarded. 

There are but two types of living elephants : the Indian form, 
which has been domesticated, and the untamed and more 
prinutive African type, readily distinguishable by its very large 
■ ears. In the Pleistocene epoch just behind us, however, elephants 
inhabitated all the northern continents and were present in great 
variety and abundance; to these extinct elephants the term 
‘mammoth’ is usually applied. 

Best known of these extinct forms is the northern woolly 
mammoth, a dweller in cold climates in both Eurasia arid North 
America. Fossil remains of these forms are numerous, and in 
Siberia many woolly mammoths have been found preserved in 
tiahirnl cold Storage, embedded in the frozen tundra. So common 




skulf it flUrrno^^Kum^! ''‘’'T 0“*“*"* of Egypt. -Ot:, 
Somewhat elontated incisor twth ioww tusks ore sltppl^, {■ 

yrim small uppel^»„dlo;TtusS.^hf mBstodOB ! 

a Miocene long-jawed rtuwo*’.? ? «re elongated. C, THIophcda,. ;; 
elephants, os the wnnii'u * eked mastodon. In later mammoths and ',,': 
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ere mammoth finds in Siberia that there is a flourishing local 
trade in fossil ivory, and specimens have been excavated with 
hail and flesh still present; some years ago guests at a sci entific 
banquet in Russia were served with portions (very small) of 
mammoth steak I 

In both old and new worlds there were extinct mfl-Tninfitha 
of other types inhabiting temperate and tropical regions. These 
I creatures, to judge by their remains, were quite common, and 
I most are known to have lived beyond the time of recession of 
i the Pleistocene ice sheets. Why they suddenly disappeared over 
i most of their former range is as great a problem as that con- 
i aected with the extinction in America of horses, camels, and 
other forms. 


A a c D 




Teeth of muBtodons (A, B). i primitive elepbint (Cj, and the woolly 
mammotli (fi), all much reduced. Crown views above, side views below. 

The typical nuutodoa tooth has but a Ibw crests and is low-crowned; 
the elephant tooth is hlgh-crowoed, with numerous closely crowded 
traosverse ridges. 

THE OLDEST PROBOSCIDIANS. The elephants are but a 
final stage in a long history of proboscidian evolution. The 
most primitive ancestor of the group is found in the same 
Fayum beds that contain the oldest lemains of the conies. 
Moerlth^ium was no bigger than a good-sized hog and showed 
few elephantine characters. There was apparently no trunk, 
although there might have been a piglike type of snout; all 
the front teeth were present, although one upper and one lower 
pair were considerably larger than their neighbours; all the 
grinders were present in normal fashion and were quite simple 
in construction. In fact, so primitive was this beast, that it has 
been debated whether it reaUy belongs to the elephant ^oup. 
A careful analysis shows that a majority of its characteristics w 
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in agreement with those of proboscidians, but it alsolistiili'' 
features of the sea cows and some of the conies Afoe 
was apparently close to the common stem from vhi^^ W 
of these diverse groups have sprung. 

MASTODONS. In the upper levels of these same 
fossil beds are more progressive proboscidians the earii«t j 
the mastodons, which flourished from Oligocene to PldS 
times. In these forms there were, to begin with two na^ 
ong mcisor teeth which gradually lengthened into'tuE^I 
the older mastodons had tusks in the lower as well as 
jaws. These tusks were at first straight, at the end of loniiS 
Jaws, and with a long nose tube which was probablv flW 
only at its tip. ^ 

Gradually, however, the jaws shortened, the lower tusks M 
reduced, the upper ones became free at their bases and iMa 
cuCTed, and the trunk became the highly flexible structurelM 
oday; these features led to the head structure seen in theSt 
of the mastodons and in the elephants. The elephants alone of 
anirnals other than man have a chin; but the elephant chlfl'ii 
not (as IS ours) a new structure but merely the stump of the iai 
which once bote the lower tusks. , Ji 

The grinding teeth of the early mastodons were of sanDbl 
con^mction - low-crowned, with a few cross-ridges, and J 
in plaw at the same time. But with increase in size of a trenll 
towards ^ass rather than softer vegetation as a food suppwl 
we that the teeth (particularly in the line leading to iP 
elephants) became higher-crowned, increased the number#; 
^oss-ridges, and gradually tended towards the peculiar B i Bp Mii 
type of tooth succession. 

Although mastodons originated in Africa, they Spread rapidit 
over the earth and in the Miocene and Pliocene were foim,d« 
over toe northern land masses end in the Pleistocene even 
South America. In the Old World they seem to have di« 
near the beginning of the Pleistocene; but in America they 
■Vived until within ten or twenty thousand years of modejm 

sireniAns, The sea cows of today include the 
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^ the tropica) Atlantic; a third form (Stellar’s sea cow) « 
. fomCTly present in the region of Bering Strait but was 
pit oy man. These grotesc[ue maminals are purely 
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pffiatures which browse upon the vegetation of coas^ wa^ 
;SSr come ashore; the hind legs are lost, the &ont on^ 
have become steering flippers, there is a 
Lnsverse tail flap. The name of the group recalls the aUm^ 

■ « nf Oreek lenend. Even today in Aden one is invited in 

(at a price)\ mermaid; but one should be forewarned, 

? Iff the shock of seeing a rather ugly sea cow instead of a beauteous 

i J‘SS'n»n».ls • >'«blvo»» « ™ 

<0 lh= »halts (»Mch ™ ot 

is there any reptilian parallel to them, “ 

eating lizards of the 

widespread in Tertiary seas. Most of the oldest “ 
come from Egypt, and these forms show many 
t>.tlng a common ancestry with the conies and e p 

Sr.b™i M indud, U.® marif 

in a group of ‘hoofed’ mammals, but the resemo 

in the older types are unmistakable. as far as 

Our fossil record in Africa is very 
it goes it suggests that in the earliest part of the 
that continent was for millions of yems ®‘J^f^afnative 

of the world. During that time there 

stock of archaic herbivorous animals which graduahy mv 

So the conies (as the least specialized ’^.St 

great proboscidians, and the wwe estab- 

: the end of the Eocene, the conies 

lished and other animal types could mter ^ 

\ 'merely held their own, but the ^^ffar along 

in triumph. The sea cows, too, migrated but, ^ - 

in aquatic adaptation, radiated outwmd along 
San terrestrial routes. The main evolutionary c^tm fj 
mammals has been the Northern Heimsph^. butM 
been the point of origin of the odd subungulate types. 

SOUTH AMERICAN UNGULATES 

The southern continents appear to 

for part or all of the Age of Mammals. ^Pf^mha h^ ^^ 
disconnected and has evolved its own p^ XSopmeP 
Africa was separated long enough to " *e^ 
of the subimgulates but later became faunally similar 
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northern continents. The history of South America is 
intermediate in nature. It was isolated at the dawn of the^tS 

hTtS® remained so until tlJe S' 

the Tertiary, when connexions were renewed. During its iiL 
^nod of isolation many curious mammalian types deitelirf 
there which are now for the most part extinct. In a' or^SI 
section we mentioned the flesh-eating marsupials of that coS 
nent; in the following chapter we shall speak of the itirilj 
edentates that developed there. Here we shall touch vetyhritf 
upon the development in South America of a number of groM 
Of ungulates which are now entirely extinct but which flb&l 

there during Tertiary times. ■ 

When South America became separated from North Aniidli 
them were but few placental mammals which had then reseda 
that continent. There were some forms ancestral to the amn; 
dillos and other edentates, perhaps some primitive. mohW 
and some rodents appear to have entered later. The only bthd 
pl^ntal mammals which had penetrated ' were a series ii 
primitive ungulates - small herbivorous creatures comparable'ti 
the arehaie imgulate types of northern continents. No 
hoofed manmals, no true even- or odd-toed forms, were ablii 
Pleistocene the land connexion at Painrf 
had become re-established. In the meantime the arehaie, 
Mttlers had the field to themselves and, during the Tetijiiiyj 
d^eloped into a bewildering variety of hoofed typis, It.g| 
^ificult to describe them without going into a maze of technl^ 
details, for all of them are now extinct, and we cannot faitlj 
compare them with existing groups from other c0htineiit5,'H 
an accompanying figure is shown a representative selection ^ 
Miocene mammals - both of these ungulate types arid 

native contemporaries; the later, Pleistocene lepresentativeSi^f^ 

®e groups were, on the average, of much larger size.. 

; . Conspicuous and numerous among the ungulates werie^tf^i 

, oxodonts, or ‘bow-tooths’, most of which tended to grot.fel 
large si». in general build they seem to have been soinewhatlitej 
a ctoss between a rhinoceros and a hippopotamus, .dris^ 
, leiated to th^ but very different in appearance were the>liti^. 

typoth^s, with seemingly rodent-Uke habits, and evm, mso^;! 

' topping hind legs which make , a comparison iyW 

rabbits not inappropriate. : 
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Some rcpresentatlvfl membors of tha znammaUan fbuoa of SouA Amariea 
in Miocene times to illustrate the radically dliferaot nature of the groups 
fbund titoie from those of other continents. A pointer dog is shown to 
give the scale* Representatives of most of these types survived until the 
Ice Age, when they had become much larger in size. The only flesh*^ater8 
wwe marsupials, represented by numbers 1 and 9, which were,reBpecdvely( 
forms rather comparable to weasel and fox. Rodents were absent earllw 
in South Ainetica, but, by this Ume, forms related to the guinea pig had 
gained entrance The peculiar South American edentates wore already 
present end diversified. Beddes armadillos (4), large ground sloths (d) 
and the armoured glyptodonts (d) present. The remainder of the 
fauna consisted of ungulates of peculiar sorts. A group known as Utoptema 
had produced such forms, as a good imitedon of a one>toed hone'<7) 
flnd the thme-toed fonn (10) of laraerslze andrathercamel-lilM appearance. 
Another group ^hoofed animals, known as ootoungulates, had developed 
into a great variety of types ranging ftom little typothetes 01), which were 
ralhet rabbit<-Uke In thkr adaptations, through the peculiar aafcrapotherea 
(8), vdth on elephant-llke proboscis, to big toxodonta (11) which can be 
described Only hy comparing them to a blend of woodchuck and 
.rhinoceros, {^rom Scott, Land Mammals in th« Wesient Hemisphera»' 
by permission of the MamniUaa Co., publi^TS.) 
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last were South Amerietin parallels to the 
of other continents. These forms were faMv 

and tenaed to reduce the toT 

4e hoM ^ nioseiy. „„ 

'“nahed as in horaes, leavina oniv anliJ.^ “ 

H® me the only animais Xwo?M IS J®” N 
attained a monodaclyi condition, 

Most ofthese South American nngnlates lreefm»)i 'I 

of placental carnivores and free Irom thScomnST®' ®^ 
nniulate groups, Sourished dnringThe 
put m neariy Ihii array in the Pieist^i’^:« 
to abrapt downfaii. Land coimeBions withi^3 
t*c™ established. Sabretooths, wolves and otw 
ymst whicli they had no adequate meLis S 
die tonttot and feasted upon them; horses 
1^, withmore efficient iniBnlalean,„S:“'^*'' W) 
to archaic hoofed mammals for feeVS*^**^ 
to upper and nether millstones the oH*ta 


Aviuu 1149 aurviveQ, ' s •^7*“;.? 

Their disappearance is the most sDectflpiiiflwnfu. mI 

of extinction of animal types in 
ordeis various forms became extinnt 


.«stricted:butte7;SS^ 



CHAPTER 13 


A Diversity of Mammals 

I account of the varied mammalian forms remaining for con- 
' sideration before our own group, the primates, is reached would. 
If at all adequate, require a volume in itself. Li this chapter we 
i ao give merely a brief sketch of the other major types: of. the 
f rodents, most flourishing of all mammal types; of the bats, the 
r onty flying mammals; of the whales, the most highly specialized 
! of aquatic forms; of the curious ed^tates, so-called ‘toothless’ 
mammals. 


RODENTS 

Among the rodents, or gnawing animals, are included the 
squirrels, beavers, rats and mice, porcupines, guinea pigs, hares 
and rabbits, and hosts of less familiar forms. The rodents are 
without question the most successful of all living mammals, In 
the number of different types included in the order they exceed 
all other mammalian groups combined; they are found in 
almost every inhabitable land area of the globe and seem to 
thrive under almost any conditions. Iheir range of adaptations 
is a wide one. A majority of rodents are terrestrial and often 
burrowing types. No purely aquatic forms have developed, 
although the beaver and musk-rat have progressed far in this 
direction. Others, such as the squirrels, are arboreal; and while 
there are no truly flying rodents, the ‘flying’ squirrels have gone 
far along this evolutionary path. In their general bodily build 
the rodoits are little specialized. It is their gnawing ,and chewing 
adaptations that particularly characterize the group. 

The rodents are almost entirely vegetarian in their habits. 
There is an efficient series of grinding teeth in the cheeks. In the 
front of the mouth, separated from the chedc teeth by a wide 
gap, are the curving chisel-like ghawing teeth. Of these highly . 
modified incisors there are typically but four - a pair in both 
ppper and lower jaws. Subject to constant and hard use, the 
roots of these teeth grow continually and have their bases for 
back in the skull and jaw. So relentless is their growth ffiat if, 
through accident or deformity, one tooth fails to meet its mate 
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and thus be 



rodent to show Iho elonguts, 
jWMl-likB incisoni. widely mspanited from 
the cheek tcolh to form the dental structure 
cueracterhUc of the order aa a whole. 


keep growings, 
back into the 

•BAWUiJll 

vent the jaws from 
and eventually cause dlatli 
by starvation. ' 
Rodents may be div^ 
for our purposes. intq S 
groups. Most primitive,^ 
that typified by the 
the earliest we‘ 


ents from the Eocene were essentially* squirreli^lnsti 

woodchuck andS 
orfA* A pocket gophers, and kangaroo ‘rate* Si 

13 3v S.t“” 

both Europe ?““«*«¥ 

UK Ota half-sroau blMk3 ' ™ 

Much more progressive and numerous are the rats and iWi* 

abound in almost every, region of the 
world. They alone of all terrestrial mammals l^av?SSd^ 

3"'!^! ' ^ '"“"I! AustnJi. uSm 

addition to the nuiherdS 
? u ordinary house nlouse and two types# 

of rodents is the one of which the ppi^i 
Jid a S/TriLS^r, former S 

^ the guinea pig and the chinchilla, the lat® 

in the North,™’ SJh3ra3X°3'!!r" “ 
tom sdipething like a gigantic guinea pig, grows t6^e 
a hog and is the largest of living rodents. ' 
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All these groups are unquestionably fairly closely related. 
Widely separated from them is a fourth group including the 
hares and rabbits, which are characterized by the fact that in 
the upper jaw there is a second smaller pair of incisor teeth be- 
hind the principal ones. These forms are hence often called 
duplicidentates, ‘duplex-toothed*, in contrast to typical rodents. 
No connecting links between the two have ever been discovered, 
and it is currently thought that no real relationship exists. The 
rabbit type has probably achieved its gnawing specializations 
independently.' 

BATS 

6nly in the bats has true flight been developed by mammals. 
As in the pterosaurs (and in contrast with birds), the wings are 
formed by webs of dcin; but instead of being supported by a 
single elongated finger, as in flying reptiles, nearly the whole 



Full fbce end profile view of the heed of a leaf-chioned bat of the West 
Indies. Noee aad eara have grotesque sensory outgrowths which almost 
completely obscure the normal physiognomy. (From Anthony) 

hand is involved. The thumb, a clutching organ, is free and 
clawed; the other fingers are all utilized in the support of the 
wing membrane and usually have lost their originEilly clawed 
end joints. In having the wing expanse broken by the long digits, 
the bat has evolved a more flexible and less easily damaged 
wing than that of the pterosaurs. 

Bats are skilled nocturnal flyers ; their ability to avoid obstacles 
even in pitch darkness is well known, and it is obvious that they 
must depend for aerial navigation upon senses other than sight. 
Tactile sense appears to be highly developed, and there are in 
many cases, grotesque fleshy outgrowths about the nose and 
ears which appear to lodge delicate sensory structures. Hearing 
howevet, has recently been proved to be the major reli^ce of 
the bat in avoiding obstacles. The flying bat appears to be a 
silent creature. But this is far from the case. The use of refined 
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acouatJc methods shows that the flying bat 
a senes of shrill cries which are so high ?itcheZ 
to the human ear. The highest tones which we can hear 
of about 20,000 vibrations per second; the ba5?e^^ 
a frequency of about 50,000 vibrations and an. ^ M 
half times bi^er. The bat 

them, and the bat appears to avoid obstacles hw 3*®!% 
echoes reflected back from them. *“S ^ 

The majority of bats are insect-eaters, but there is a wid6«iil 
of diet, rMging from biood (in the vampire bats) to sn!3 
, A sp^ahzed tropical group are the large fruit 4ts‘ ot 

fnr^V in tlie history of ii£i 

for skeletons showing well-developed wing supports 

« to back aa th. E»».. A poJbfc IntcSTCa 
development of flight is given in the shape of the ‘flying ien« 
^the ^st Indies. As writers on natiLl history haVe3 
ren^arked, the nanw is hardly appropriate, for the animal isS 
a lemur, nor does it fly. It does, however, have a very large fold 

by means ofThS 2 
plane for a considerable distance. Probably the earliest bats 
began with such a type of gliding apparatus. \ ,ij 

WHALES 

The ceta^s, the whales and porpoises, constitute the jatafest'l 
, and most important group of mammals that has turned to ml 

IhCT have’h “ existence in the.watSl 

Sid flfe completely divorced from, their fom^S 

mi life tliat they are helpless if even stranded on a'beactoi 

SUdion air-breathing do they show any.ito4l 

' renunisrence of their previous terrestrial existmcejls 

shSa tbe torpedo-like stre^^l 

hapo orprimibve aquatic vertebrates; the body, howev^iil 

SSlirlMTh in section, and hence (unlike the typlclfli 

fin^We^ ? IT™ is confined to thertatfl 

.fin alone. As m other aquatic mammals, the tail has failed-^^ 

structure, and, as in the sea c6ws,S|i 
»ntal fl^^supported by fibrous tissue supply the inoti« 
“Whales (as in ichthyosaurs) a flshlike doi«| 

' fexjeStwIn ®i«“ans, the hind legs are 

(exq^t^for mtemal rudiments), and thp.front limbs are $teeri^| 



A DIVERSITY OF MAMMAIS 


175 


1^^, Parallel, again, to the marine reptiles, extra joints may 
to the toes. Hair has been abandoned as a covering 
Kl may be absolutely lacking on the skin of the adult whale; 
[tbick layer of fat - the blubber - affords insulation against 
ie cionstant cold of the sea waters. 

If Tlie teeth have been reduced in modem whales to simple 
^ike structures. In many forms there has been a considerable 
in numbers over the original forty-four; in others, 

( have been abandoned completely. 
rfSoinfi of the larger whales, such as the sperm whale, dive to 
it depths in pursuit of food and may remain submerged for 
|iods of time said to be as much as forty-five minutes. It is 
ijjyious that these habits must involve major physiological 
Igpecializations. The whales are adapted to withstand rapid 
liiinges between normal surface conditions and the immense 
leisures encountered in the depths. Without such adaptations 
ley would suffer, as does a man under similar circumstances, 
lorn the ‘bends' (pain caused by liberation of gas bubbles in 
Ie blood when pressure is decreased too suddenly). Further, 
iere must be, and are, adaptations for taking in abnormally . 
iatge supplies of oxygen before a prolonged dive. 

' in relation to breathing problems, the nostrils, originally of 
nurse at the front end of the snout, have moved backward over 
lie top of the head until they open directly upward as the 
^owhole. The ‘spputing’ of the whale is the »piration of air 
ihrough this peculiar type of nose when the top of the head ' 
''toims to the surface of the water; the vapour seen is due to the; 
i^^ndensation of water when the cotnmn of warm moist air blown 
jfoin the lungs 'strikes the copier atmosphere, , i 

Living whales are arrayed in two major groups - the toothed 
[whales and the whalebone whales. The former ^up is much . 

le larger in numbers ; teeth are generally retained, and fish and 
[squid are the common articles of diet. The numerous varieties . 
pf porpoises and dolphins are dose to the common stem of the 
ithup. Some of these toothed whales grow to great size. This 
ps espeplally the case in the spem whales, forms in which the 
hugeiblunt snout is filled by a great reservoir of sperm oil. 

Shaiply marked off from the toojhed forms arethewhdebone ' 

, whales. In them teeth have been lost entirely. The huge niouth . ' 
|, is filled with a series of sheets of whalebone finnged With.haiis ' , , 
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at the edge and hanging down from the roof of thn «, 1 
parallel rows like the leaves of a book. This iTf 
composed of hardwed skin. In the roof of the mouth S 
for example, may be seen crosswise ridges of skin- the™wl 
has been formed by the elaboration of such a serir^^rl 
ridges. ^ l 

These whalebone whales live upon plankton, small oraml 
m the sea water; water passing through the mouth is 3 
through this whalebone filter, and the edible material deSI 
IS licked off by the tongue. It would be impossibte for tlSsJ 



^un'of » n”? v"** sMe and top view, of th, ■■ 

cetaaean. Zeugtodon. Tlie external nostrils (marked . 4 
Tn n were in a primitive position near the front end of the skidl. S 

(h.™ ‘h* nostrils and the bones aurroanding 

Inem have shifted to the top of the skull. ' e 

swallow any large object (such as Jonah), for tM 
^let does not exceed nine inches in width. These whalebS 
whales feed upon smaller food materials than any other mam ; 
mals; and it is paradoxical that they should include in the! 
Tu™ largest animals of any kind that have ever existed^ 
me blue or sulphur-bottomed whale is estimated to reach I 
maximum weight of one hundred and fifty tons or more, beiji 
thus several times as big as the largest of known dinosaurs. ' I, 
Little IS known of these two whale groups before the MioabS 
epoch. In the Eocene, however, archaic whales, the zeuglodohisl 
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already common in the seas. These were, in some cases, 
pittisiderable size (seventy feet is the apparent maximum), 
p a body comparatively longer but slimmer than in later 
fes; the proportions were those which modem imagination 
pi)es to the sea serpent. These forms were considerably closer 
feeit tad ancestors than the typical whales. In the skull, for 
pinple, the nostrils were still near the front of the head, and 
ji- teeth wepe very much like those of primitive flesh-eating 
Mimals. Not improbably the whales have come from early 
podont carnivores and have gradually taken up a fish-eating 
ptence in the same way that later otters and seals have done; 
p we have no fossil record of the early stages in the transition 
pmtadto whter. 

fcv EDENTATES 

jpth America is the main seat of an odd series of mammalian 

usually known as the edentates - toothless mammals, 
Huding anteaters, tree sloths, and armadillos, The nmne is 
I|isie^ng, for, while the anteaters are toothless, the others have 
p considerable number of teeth. These, however, are of a d^ 
berate structure, being simply blocks of dentine lacking the 
piamel covering found in other mammals; and teeth are nevra 
pte sent in the front of the jaws. 

KThe South American anteatem are essentially feeders not on 
ptdinaty ants but upon termites, the ‘white ants’ numerous in 
H.tropical regions; The skull is peculiarly developed for this 
l^lpe of diet, the snout long and slim and the jaws, in the a,bsence 
teeth, (pite feeble. The mouth is merely a srnall terminal 
spring fom which a long sticky tongue may be extended tO ' 
>^ther up the insect food. The feet are armed with long, heavy ^ 
|irved claws, which can dig ably into a termite nest. These claws 
^^. ordinaiy walking difficult, and in the. front feet the claws 
ire turned inward, the weight resting on the outer side of the 
Iqucklesi 

j fhe tree sloths of the South American forests are among the 
j pddest, of maffitnalian types. They are ^11 nocturnal forms 
|with a lichenous growth which often gives a greenish tinge to 
%6ir g^ hair. They are slow and clumsy, spending much of ' 
their time dothfuily hanging upside down, from branches wd 
; holding dn iby their lonfe curved claws; two or three in nnmW' 
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These leaf-eating animals have teeth but th»v ' 

if •" pegs in ehher cheer*^:^ 

The third living South American edentate eroim < I 
amadillos. As in the sloths, there are iglilS 
interesting armadillo development. hoiJ^er is % 

armour m the shape of numerous rows of boil 
back and sides of the body and even over the^cj 
In the more primitive members of the eroun th* * 
a uniform series of movable bands ^he iengrt of STJ"! 
more advanced types the front and back nartl 
form solid partitions over the hip and shouwl 

SSals wra^onrimSf ‘heiyulg 

the great ground sloths and the glyptodonts. ' ^ 

The ground sloths developed in South America in T<irf 
fames and reached their peak in the Pleistocene, when alS 
of g^era were present in North America as well oTil 

of foot construction, which was complicated by the h^ S 

frlmT f"™/'.®- was obviously a shuffling^MfJ 

front feet rested more or less on the knuckles the hind ir J 
bore down on the outer edge of the broad feet* Theep ^ 
^ths appear to have been able to rear up on their hindleg 

Related to the armadillos were the extinct glyptodonts Th^' - 
were covered with armour which here formed a solid 

ss, rr‘ ‘™'*- No°^ ™ is 

bill tbe tail also was encased Sif 

®°™®bnies bearing spikes. These glyptodonts! 

Sill to S ' ^ - cioseSSS 

Cretaceous. ^ 

South ^-oJated to the ancestry of the 

the PafeSei^rL?®p^*“ T® *" ^ 

ancestS disappeared there. The 

were marooned in South Am^ica duriiig''! 
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Is'Tertiary iand there evolved into the five types described 
pve. The archaic ungulates of South America were rapidly ' 
linated, as we have seen, with the re-establishment of 
|ith American connexions at the close of Tertiary times. 
|e edentates, however, were of sterner stuff. They not only 
id their own territory during the Pleistocene but, going against 
Ltide of riiigration, invaded North America ; large glyptodonts 
|j found in the Pleistocene of the Gulf coast, numerous ground 
iiths penetrated as far as Pennsylvania and Illinois, and even 
|day the armadillos range as far north as Texas. 

|At the end of the Pleistocene the glyptodonts and ground 
|athfi became extinct. The former appear to have lingered late; 

I the south-western United States there is positive evidence of 
lair contemporaneity with man, and in Patagonia one appears . 
^have been imprisoned in a cave used as a 'stall*. 

: In the Old World tropics are two types of termite-eaters 
hibiting features similar to South American edentates. The 
ird-yark of Africa is a grotesque, long-eared beast which has 
fell-developed ant-eating adaptations in the long snout, slim 
Jfhiplike tongue, and powerful claws; but there the resemblance 
|o American anteaters stops. There are peglike teetb of peculiar 
^lutniction, and the animal in general resembles nothing else 
ItaU. The terra ‘earth pig’ is not particularly appropriate; but 
Itiieie is nothing with which the animal can be compared. 

I The pangolins of southern Asia and Africa have, again, 
aite-eating adaptations in the slim snout, long tongue, 
(lothless mouth, and sharp claws. They are armoured, but not 
bone; instead, there are large overlapping homy scales, 
living. these aeatures somewhat the appearance of animated 
Ijjiine cones. ; . ' * , 

I'^Neither aard-vark nor pangolin has fundamental features 
|jiidiiM. ti ng real relationship to the trUe American edentates, 
pfe knovy little of. their fossil history ; presumably they represent 
plated types wrhi'ch have taken up termite-eating as a vocation 
|kid have in relation to this tended to develop similar adaptive 
^features. ' ■ ' ■ ' " ' 
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Primates : Lemurs, Monkeys, Apes, and 


The order of primatea is a group of particular interest to 
for It includes not only the lemurs, monkeys, and great all 
but man himself; in the study of primate evolution we? 
studying our own kin, climbing our own family tree. We sh] 
therefore, treat the primates more fully than we have am' 
of other mammalian groups. . ^ 

' paleontologist the primates are a source of considerahfe 

difficulty. We have well-documented pedigrees for varions 
mammalian types such as homes, camels, and dogs. In the case 
of our own ancestors we should like to present an equaW 
adequate fossil history. Unfortunately, however, fossil rcnuiiil 
of primates are more rare than is the case in any other kr 
group of mammals. The reasons for this paucity of msterM 
are fairly obvious. Ihimates are, for the most part, treedweliasi 
rock deposits in which fossil vertebrates are to be found are nj 
normally formed in forested regions. Again, primates are niDstS 
dwellers in the tropics, whereas most of the known Tertia ' 
fossil beds are in what are today zones of temperate dimai 
It IS only in Eocene times, when these regions (as shown 
the vegetation) knew tropical conditions, that primates are fovini 
to any extent in the fossiliferous deposits of Europe and NortI 
America. 

The living primates may be divided primarily into, threl 
groups: (1) the lemurs, typically small four-footed forms of' 
rather squirrel-like appearance, found to day in the bl| 
.World tropics and present in the Eocene in Eurasia and Nor^’ 
America; (2) Tarsius, a curious small, hopping, rat-like creaturs! 
from the East Indies, occupying an intermediate position 
tween Iotuts and higher primates; (3) the anthropoids,?’ 
comprising the South American monkeys, the more advanced 
monkeys of the Old World, the great manlike apes, and 
man, ' 

* The manlike (anthropoid) apes are sometimes spoken of simp! 
M anthropoids; but this loose usage should be avoided; the tenx 
Antnropoidea ' properly include monkeys as well. 



1 ' A aimpUfied flunily of the prlmetes. 

isoonsiderable w idcfice 5tifrrc^'J>S tf’-'-f the p^triMve placentals ; 
■:yhct tree dwelieis to I'.egi'i v.i;ii .-•■■li :iic prl'tiates have 
yiheiely contiaped on In this ancestral track, Arboreal life is ; 
apparently responsible for much of the progressive development 
of primate characteri^ti(»; and, although man is not a tree 
dweller, this life of his ancestors has left its n^k deeply upon 
him and is perhaps in great measure responabte for the attain- 
ment of his present estate. 

UMBs: Loombtion in the hee has left the skeleton of the . 
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Hand W) and foot (0) of on Old World monkey! 
Viewed from the nndenlide . Note the short thumb ond 
the opooioble big toe and long toes of the kind foot, 
In man, in contrast, the thumb Is highly developed. 
While the big toe (once opposable) has, with upright, 
posture, shifted forward parallel to the other toes, 
(From Pocock] 


primates in a 
tion much 
that of the primiu 

placentalsthanis^ 

case in most groul 
Flexibility is necl 
saryforclimbingtttj 
and there is non^ 

the restriction of liJ 
movement to 4 
plane found in 
Sulate groups, .jS 
contrast with 51^ 
arboreal types sg (jie 
squirrels, in ’whiiili 
climbing is facilitated 
by digging the datii 
into the bark, tli 
„ ^ primate hold is gen 

erally accomplished by grasping boughs or twigs. The priiniths 
claws have been transformed into flat nails serving as a protectioi 
to the finger tips, although in many cases (particularly in iBroum 
and marmosets) there is a retention of or return to a daw-lflj 
structure. | 

In primitive mammals thumb and big toe were presumabli 
somewhat divergent. This grasping characteristic has in generJ 
been retained and emphasized in primates. In most famrir s' 
monkeys, and apes it is the big toe which is the most higbl^ 
developed and divergent; the thumb is sometimes reduced, bi- 
even absent, in forms which habitually progress by swinging', 
from branch to branch, the other four fingers here hooking oyer 
the bough and the thumb being not only useless but actually in' 
the way. Otherwise there has been almost no reduction of toesj 
the primates are in this respect more conservative than most' 
mammalian groups. 

Four-footed locomotion is the rule among primates, bipedal 
tendencies becoming apparent for the most part only amon" 
the higher members of the order. The hands, however, white 
primarily possessing their grasping adaptation in relation, tc 
locomotion, are well adapted (in contrast to most mammals) 
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L grasping food and other objects; and even among the 
iinurs there is a tendency towards a sitting posture and the 
Mease of the front feet from supporting the body. 
ffThe primitively long tail is retained in almost all the lower 
^mates and is apparently of considerable use in balancing, 
loi many South American monkeys it has developed into a 

E ltehensile 'fifth hand’. In a number of cases, however, the 
fail is reduced or absent, and there is no external tail in the 
like apes and man. 

!BTH. An omnivorous diet appears to have been general m 
) primates, and similar food habits characterize many 
^jiving types (although there has been a strong herbivorous 
fend). The dentition is, hence, usually less specialized than in 
^^t mammalian groups; the molar teeth are low-crowned 
RWith rounded cusps. In diet primates are not dissimilar to the 
pwine, and the cheek teeth of these two groups are fairly similar; 
^ideed the teeth of a fossil native pig from Nebraska were for a 
time mistakenly identified as those of a manlike American ape. 
In all primates, including man, the numbra* of incisor teeth has 
been reduced from the original three to two in each half of each 
jaw, and there has also been a trend towards reduction in the 
number of premolar (‘bicuspid’) teeth from four to two, so that 


f the higher monkeys and man have but thirty-two teeth instead 
of the forty-four present in our primitive placental ancestors. 
lEriinates are in general short-jawed and, consequently, short- 
l^aced types. In most of them the canine teeth are rather long 
Wd m^e efiective biting weapons; in man, however, they have 
' ceased to project above the general level of the tooth row. 


SENSE ORGANS, Arboreal life has had a profound upon 
the sense organs. A ground-dwelling mammal is in great measure 
depradent upon smell for bis knowledge of tbinp about hiin, 
and his nostrils are highly developed, while sight is usually 
comparatively poor. The reverse is true in these arboreal types. 
For locomotion in the tree good eyesight is essential, and 


throughout the primate group there has been a progressive series 
of advai^ In the visual apparatus. Even in the lemurs tiie eyes 
eK large, and there is a tendency to rotate them forward from 
their primitive.lateral position. This results in a situation where 
parts of the two Mds of vision overlap, and in Tarsm and the 
higher primates the two fields are. identical. In vertebrates 
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below the ma^als the eyes appear to furnish thp r 
two separate visual images. In mammals where the 
there typically arises the stereoscopic type of viuin 

veloped m the higher primates. In this condWon thei 

out of the nerve fibres running from eye to 
brain pictmes foimed by the two eyes coincide wk lSi 
variation between the two pictures gives the’^ V 
In addition, the monkeys aSd alThE ^ 

middle of each retina a specializedTegiofThr 

With this improvement m vision goes a corresnn^^P 
generation of the sense of smell. Even in lemurs the olfe^f 
Mnse IS reduced, and in the manlike apes and man it is nroS 

1» fomd to .n, 

BRAIN. The brain, as well, has been profoundly inflnjS 
by arbore^ life. Locomotion in the trees requires 
and muscular co-ordination ; this co-ordination in itStoS 
development of the brain centres ; and it is of interest thSS 
of the higher mental faculties is apparently develoned .vl 
area alongside the motor centres of the brain. Again tfi 
^elopment of good eyesight rendered possible forSS 
a far wida acquisition of knowledge of their envirohinH 
w possible for forms which depend upon smell. Perhaps sffl 
^ore important m the evolution of primate mentaUty hSf J 

grasping hand as a sensory aidinS 
examination of objects. / . " m 

A constantly increasing brain size has been a charact^a 
of primate development. The cerebral hemispheieshS 
grown^in size and in all the higher Anthropoidea comnletS 
rtf febellum. Among the smaller monkeys are VS 
Samlluf relative wei^ts of brain to body ^ 3 

in dentition, sense organs, and iiS 
Imve l^n asswiated with great changes in the primate Si 
Most emura have an elongate skull of primitive appeaS 

of tilt But with the ledf^S 

of jhe sense of smell and the concurrent abbreviation df # 

3birtb«^° shortened * 

sMerdbly, the face sloping sharply downward toward? tbeihbg 
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! the face has been reduced, the braincase has, on the 
iry, expanded greatly in higher primates to accommodate 
ver growing brain. In primitive mammals there was no 
separating the eye socket from the temple region. In a 
er of mammalian types a superficial bar has been built 
len these two openings. Such a bar is present in all primates 
the very first. But, in addition, monkeys, apes, and men 
built up underneath this a solid partition between eye 
smple. This is unique among animals. Presumably it gives 
ter attachment and support for the eyes in their rotated 
on and also prevents the jaw muscles, pushed out sideways 
e expanding brain, from crowding forward into the eye 

LEMURS 

, primitive of primates are the lemurs, found to-day in 
Ij^plcal Asia and Africa, more especially on the island of 
|jfadagascar. An ordinary Madagascar lemur of to-day is a 
iiiiirly small arboreal animal, nocturnal in habits, with a bushy, 
'hairy covering which contrasts with the rather sparse coat of 
most higher primates. The limbs arc moderately long, the ears 
^jointed, and the eyes are directed more laterally than forward. 
The lemur face may undergo some shortening, but it is in most 
cases a comparatively long and foxlike muzzle. The tail, usually 
long, is never a grasping organ. Thumb and big toe are always 
wide separable from the other digits; the big toe is especially 
well developed and has a flat nail in all forms, whereas the 
other digits ate variable in their covering. Typical lemurs have 
a clawlike nail on the second toe but normal nails on the other 
digits. 

The reason for the survival of these, primitive forms on the 
iriand of Madagascar is seemingly the fact that this area has 
been long separated from the mainland of Africa,- and, in 
consequence, but few flesh-eaters have been able to enter this 
region ; members of the civet family are the lemurs’ only enemies. 

On the mainlands, on the contrary, lemurs are extrwely 
scarce. In southern Asia there are two species of loris, and in 
tropical Africa, are the potto and ‘bush bhby* (Galago), all 
somewhat more advanced types than the typic^ Madagascar 
fpiins. ' 

In the Eocene, lemurs not unlike the living Madagascar types 
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were common in both Europe and North America W I 
Eocene, however, they vanish from the fossil 
northern regions, which presumably were already becom 
bit too chilly for tropical forms, ^ . 

The lemurs are exceedingly primitive primates and n,* 31 
removed from the tree-shrew types from*^ whlSuS pSf 
appear to have arisen. Indeed, so primitive are they that^S 
writers have believed that they should not be consldet^f 

primates at all but as progressive insectivores. 

^ ^ ' TARSIUS 

higher in the scale of primate evolution than anv 1ei» 
1% Tbtsius, a small nocturnal tree dweller from the East iS 
He has a pwuliar ratlike tail and long hind legs adapte^P 
specialized features in which 

s off the mam evolutionary Une of primates. But the reit-1 
the beast s structures are curiously intermediate betwcm IdohSl 
and monkey types, ™ 

The brain is large, and the braincase is short and roundeS 
- The visual apparatus is much advanced over that of the lem3 
The eyes are exceptionally large and are turned compteS^ 

, foi^wMd from the primitive lateral position, with the orbits del 
together above the nose. In this creature the two fields of vislofi'i 
. , , are itotlcal. and recent work indicates ^hat stereoscopic visibfc 
is well developed. Tct 

While vision has thus advanced, the sense of smell has'bedi 
: iproportionately reduced. The foxHke snout of the typical iS 
has disap^ared, and the nose has shrunken to a smgii nubb® 
tucked m betwren and below the eyes. There is UtUe projectii^l 
of the muzzle (the tooth row is comparatively short), arid i&l 
have here the beginning of the type of face found in monkeyl 
, apes, and 'man. ^ 

feature in which Tarsius shows afltoitles 
e higher primates is the fact that the placental connfiSdoi)ii.j 
betwe^ mother and , young, instead of being distributed, , as iiif! 
leniursi all about the surface of the sac containbg the embw^? 
^ coirantrated in one discoidal area and shed at birth jurt ai ' 
: m monkeys and men. 

■ Tarsius is not a monkey. , but it is far above the lemuf lM*' 

; ; ^eIivmgformistoo;specia]izedinitselftobeatrueintetme^.| 
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fe but it seems not unreasonable to regard it as an offshoot 
pnup transitional from lemurs to monkeys. In confirmation 
^the suggestion is the fact that in the Eocene, as contemporaries 
f the early lemurs, are found remains of numerous rorstus-like 
luimala which appear to bridge the gap between lemurs and 
llgher primates. 

I MONKEYS 

livith the monkeys we reach the third and highest main division 

ipf the primate group, that of the anthropoids, or manlike 

features in a broad sense, including monkeys, the great apes, 

i^dman. 

I MONKEY CHARACTERS. In all these forms we have a very 
stinct general advance upon the types already discussed. The 
es are large and placed far forward as was already the case in 
vslus. But, in addition, a special area (fovea centralis) in the 
ntre of the eye making for clear perception of detail is developed 
even the lowest of monkeys ; the monkey’s eye is already on a 
r with our own. With this increase in vision we find, as we 
luld expect, that smell is unimportant and the snout usually 
iich reduced. 

The monkey is usually a four-footed walker, but there is a 
Eat tendency for an upright sitting posture and the consequent 
eing of the hands for the manipulation of food and other 
jects. The braih is comparatively large in all members of the 
nip, and the much-swollen braincase gives the skull a rather 
man shape. The freeing of the hands and the perfection of the 
visual apparatus undoubtedly give much greater scope to the 
higher mental status found in even the lowest monkeys. We 
speak proverbially of ‘monkey curiosity’. This monkey trait is 
probably due in great measure to the fact that the monkey has 
good eyesight; he can see more to be curious about. Then, too, 
he has a great advantage in a means of satisfying his curiosity, 
hot possible in most animals; he can handle the objects seen. 

We speak often, with respe^ of scientific rescKch. But, after 
all, what is research but the same old urge of the monkey to 
handle some new or curious thing? it may well be on a higher 
plane, but it is the sam,e monkey airiosity which has made our 
simian relatives the pests of the jungle. 

The anthropoids are readily divisible into two groups. On the 
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one hand, are the South American monkeys (platyrrhittesvil 
the oth®, ^e Old World monkeys, the grei apj 
(catarrhines). *■ . «uu i 

NEW WORLD MONKEYS. The South American fom® 
generally known as platyrrhines, or ‘flat-nosed’ monkeySS 
to the fact that the nostrils are widely separated and lookriS 
sideways than forward or downward. If we wish a 
technical character we may note that in these New Wol 
monkeys there are three premolar teeth in each half of 
jaw, whereas in all the Old World forms, as in man but S 
such teeth are present. , ' ■ 5 , 

The smaller forms among the South American monkeygi 
the marmosets. These little fellows dre squirrel-like In gtoa 
appearance, with thick fur and a bushy tail, and are ej 
, for the short face, rather like the lemurs superficially, Soine 
writers have suggested that the marmosets are really pritSitife 
'monkeys close to the lemur ancestors. Others, however b^lM 
that their seeming primitiveness is due to speciali2ation.aui 
degeneration. As an example of marmoset specialization mM 
be mentioned the fact that the last molar has disappeared^ 
raw this molar, the ‘wisdom tooth’, is degenerate and oiffi 
fails to function; but with its total loss the marmosets 
progressed farther than we have in this one regard, ■ 

Much more typical monkeys are also present in Soulh anil 
Central Africa; of these Ae organ-grinder’s monkey, ;tiiife 
capuchin, is a typical representative. In a majorityof these f^^ 
the tail 18 not, only long but has developed into a prehensile OrM-: 
a ‘Mh hand’ of, great utility. Some members of this group,^S' 
spider monkeys, are very clover acrobats, while an intetestiai; 
side branch is that of the howler monkeys. These have a lar® 
, bony, resonating chamber in the throat; by means of thesbimH 
emanating from it, night is made moumfiil in the South AraiefjcP 
forests.-'- ' 

Xittle is knovra of the fossil history of these American mor|M 
^ on a Iqww {flame of organization, than-f” 

Old World .forms. But therO is little to indicate that tbiis 
lies on ihe mam line of descent of the higher primates, and thi 
evo^fion .may have occuraed parallel to that of the mo^'^ 
of tiiQ Eflstcni ' !■ vij^ 

GATARRHINE CHARAOTBfe^, , Qrouped M thC- ’ ' 
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|ih« monkeys of Asia and Africa, the manlike apes, and man. 
indicates one of the many features in which they are 
^vanced than the South Aimrican monkeys - the fact 
M the nostrils are closer together and open forward and 
M There is a rather genera! tendency towards an increase in 
ll, which culminates in the chimpanzee, man, and gorilla. 
Mough primitively arboreal, some of the hi^er or more 
^ialized types, as man and the baboons, tend towards a 
&ttial life. The tail is often shortened or absent. Primitively 
&foDted, soma have tended to an arm^swinging type of 
Uimotion in which the body is held erect; man has attained 
Hierect posture. Although progr^ion on the ground Is usually 
pillfbuis, the long arms bring the back iiito a slanting position, 
fells sitting in the conunon catarrhine pose whmi not in motion. 
ipB thumb is usually well developed and opposable, and the 
PI toe universally so except where secondarily modified in man. 
Kidhaity covering is always thin and the face naked. 

Myhe brain is large. The face, primitively short, tends tp elongate 
m some instances in correlation with a tendency towards a 
Potable diet and a consequent increase in tooth size. There 
jte only two premolar teeth in each jaw half; we have finally 
jptiived at the stage of reduction still found in man, with only 
*|ftirty-two teeth instead of the original forty-four. 

! ; . OLD WORLD MONKEYS. Anthropoids date back to the 
fteginning of the Oligocene epoch in the Old World. In fossil 
Ibeds of that age in the Fayum district of Efiqrt have been found 
jjS jaw and a few, other fragments which, while incomplete, are. 
f' enough to show us that small, primitive, Old World moiieys 
'bad evolved by that time. From these early forms inay haye 
^descended the numerous Old World monkeys of the present, 

! These monkeys include a great variety of forms, with a wide 
i range in sjtructures and habits. All are, in terrestrial, locomotion, 
fou>footdd types walking flat on palm and sole. Correlated with 
, , the common ^tting posture Is the universal present in these 
monkeys of hardened skin areas, sitting pads (callosities), on 
the buttot^.^ The more primitive monkeys are arboreal, but the 
baboQti^ ihd ;their relatives show a progressive tendency towards 
a grpuh|(dy'^<^nglife. 

Twoi'^n^ of living Old World monkeys are easily dis- 
tingui.sh'able today: one group having cheek pouches for the . 
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I he ground-dwelling tendendes of the chedc-pouched 
teys. An interesting variant in this group is the probosd? 
keys with, in old males particularly, a long pendant nose 
h outdoes that of man in its development. 

MANLIKE APES 

the Old World monkey groups, interesting as they are in 
ing how monkeys can vary in structure and adaptHrioTis,, 
little to do with our own history. Our ancestors came from 
^ line of monkey evolution, one leading to the development 
le anthropoid apes. This line diverged from that of the 
sm monkeys at a very early date, for in the same Egyptian 
where are found the earliest known monkeys occurs the 
if a small ancestral anthropoid ape. 

RUCTURE OF THE GREAT APES. The anthropoid, or 
Ike ape group, includes four living types: the gibbon, the 
putan, the chimpanzee,, and the gorilla. All are of- good 
ranging from the comparatively small gibbons to gor^las 
al times as heavy as a man. The skeleton is rather dose to 
raman type, The chest is broad; in contrast to the thin, 
chest of monkeys and of mammals in general. The hands 
airly similar to those of man, but the fingers are generaily 
long in comparison with the thumb, and the aims are 
L elongated; the legs, on the contrary, are short. The foot, 

11 an pxcdldit grasping structure, with the toes long and I 
ig toe opppskble to the others in handlike fashion, 
ew feahited, particularly those of the aims, seem to be 
iated with the great-ape type of, locomotion. With in- ' 
ing ^ weight, foui^footed running alopg a single branch . 

increasin^y difficult. The weight may be distributed if 
pe rests his'^t on- one branch and grasps an overlying one 
[usanhs. F^dm this it is but a step to the type of locomotion ' 
n which these forms, particularly the gibbons and orang; are 
l^pt. These ajpes swing by the hands froni bough to bou^ 
as: ond sWtnjB^ along the tiuvelllng rings in a gymnasium, 
pie feet iid^tely adapted to a. gasping function thpt 
. ft, Qg tiieik soles but must supjpbrt' 


heir wdghfiO^^fte outer, side of die foot. 

It bd nol^ that in swinging by the arms the body, is 
ecessarily luild-btect. There is but little tendency for the use of 
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the erect posture when on the ground. But the front legs V 
these apes being much longer than the hind, the body is necei^ 
tilted up considerably in front even in four-footed w ulM 
Erect posture, an essentialiy human character, thus ha^ 
beginnings among these tree-dwelling types. , | 

The brain is large, especially in the gorillas, but its groi 
has not kept up proportionately with increase in bodily bi 
and its relatively small size is in great measure responsiblel 
the rather ferocious appearance of such a form as the gon- 
with its low forehead and beetling brow ridges. There is, 
most mammals, no projecting chin, the jaw sloping away 
the lips. The grinding teeth tend to be rather heavy and eloriJ 
giving more of a projecting face than in man, and the cad 
teeth are prominent. 

oiBBOMS. Smallest and most primitive of anthropoid a| 
are the gibbons (including hoolock and siamang) of the Ma 
region. The ordinary gibbon does not exceed three feet or sq 
aianding posture. Alone among living anthropoids these sn 
apes customarily, walk erect when on the ground, with 
extremely long arras used as balancers. But this type of Ic 
motion is comparatively rare, for the gibbon is a highly develo 
arboreal acrobat capable of feats which no circus artist cc 
attempt to imitate. The brain cavity has a capacity of at 
90 C.C. In a modem European the comparable figure is at 
1,500 O.C. The gibbon is, unquestionably, a much less intellii 
creature than man (or the other higher apes), but we must i 
into account also the fact that we are dealing with a n 
smaller creature. We find that in two or more animals of © 
intelligence the brains vary somewhat (although not din 
proportionately) with body size. 

Fragmentary remains of gibbon-like forms are found in 
mid-Tertiary of the pid World, and it would seem prob 
that, except for features (such as long arms) related to 
gibbon’s excessively great adaptations to a gymnastic life, 
form is a comparatively little modified descendant of the i 
primitive, extinct, manlike apes. 

ORANGOUTAN. Next above the gibbtHis in the scale of li 
primates is the orangoutan, the ‘wild man’ of Borneo; 
Sumatra. This red-haired beast is considerably lurgn thai 
gibbon, adult males reaching nearly five feet in height. 
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Ibrain Is very much larger than that of the gibbon, reaching 
piiim of over 500 c.c. in capacity. There is no development 
py brow ridges and the consequent ferocity of appearance 
^we get in the gorillas and to a lesser extent in the chim- 
; the eyes are set close together above the deeply concave 
i'ie^on, giving a type of face quite unlike that of other 
iThe orang is, again, a good arboreal type, with long aims 
1 can reach the ankles in the erect position. 

apej while obviously above the gibbon in station, is 
pbly far off the line leading to the two higher manlike 
man, and but little is kn own of its fossil history. 
pBER MANUKS APES-CBIMPANZEEANDObaiLL A. Thus 
primate history has with few exceptions been One of 
sing adaptation to arboreal life. But our present knowledge, 
i as it is, leads us to believe that by Miocene times a new; 
j^cy was already beginning, the first traces of a return from 
I to the ground. Three living creatures are descendants 
he ancestral forms in which this trend first appeared. Two 
s, the chimpanzee and the gorilla^ have not gone far with, 
^process of terrestrial adaptation, por have they met with 
It success; a third form, man, has succeeded, 
he great African apes, the chimpanzees and gorillas, are 
I similar to each other in many respects and are obviously 
/ related. Both these living types are leM pronounced in 
k airborerd adaptations than tiie lower apes and monkeys, 
ijbliitnpanzee is more at home on the ground than are die 
bboi^ and dran^ but is still essentially a tree dweller. The ; 
|illa, on the'other himd, is Cpariicularly as regards the highland 
I from central Africa) essentially a pound dweller and takes 
be. trees,k#;|!d^4* forms the arms ate mu^' shdriet 

I in riiti^pwiii/manllke a;Pes but are still quite long as com- ' 
d' with hn^ ’human standards. Bpth are large animals, the 
panzee reaching as much as five feet in height, the male 
irilla six feet, and, it is said, sometimes a weight of six hundred 
Sunds in an old male, . 

^ Brains are comparatively well developed in these great apu. 
>vii iifit 20 ext^tional gorilla may attain a maximum of 630 c.c. ; 

St lis is' halfway to the average of certain human faces. And 
’ ^ itelUgenpe;; tpOi is increasing. Recently there has been ecoi-,' 
'^^pabte ';i^p^imental work done by psychologists in. tiding. ^ 
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the mentality of these forms, particularly the chimuanrJ 
They seem to show the rudiments of a human type of intelliEM^ 
There IS a good memory, but, more than that, there seem to 
the beginnings of reasoning powers of human type. For wrnmr.ii 
instead of merely jumping blindly and vainly for food suspend 
out of reach as an ordinary animal might do, the chimpanzJ 
may, of its own volition, attempt to pile up boxes to stmd^ 
or fit together sticks with which to knock the food down. ? 

The chimpanzee and gorilla thus have tended towards grouiil 
dwelling (although not as bipeds) and towards a human type 
mentality. These are features which would be expected m 
human ancestors. Neither of these living apes, obviously, isl 
direct ancestor of man, but the evidence suggests strongly tha^ 
we are here dealing with members of a group of ftnimai s from 
which man might well have descended. I 

FOSSIL APES. What does the fossil record give us by way $ 
an answer to this surmise? The answer must, at the preset 
time, unfortunately be but a limited and qualified one. In tffi 
> Miocene and Pliocene rocks of the Old World, chiefly in ^ 
Siwalik Hills of India, we find fragmentary remains of lar ' 
primates. To most of them is applied the scientific namy. | 
Dryopithecus, the ‘oak ape’, so-called because of the presena 
of oak leaves in the deposits from which the first remains of thii 
form were obtained. The finds consist almost entirely of teetli 
and jaws. This is disappointing; but, fortunately, teeth are fiji 
most characteristic parts of any animal, and these teeth am 
jaws have been carefully studied. Of these fragments we c® 
say that they possess features found today in but three 
- the chimpanzee, the gorilla, and man. Some of them sM 
characters which tend to make us believe that they are ancestra 
to foe gorilla or chimpanzee. Some apparently represent shd 
sterile twigs of the anthropoid-ape family tree. And some shot 
tendencies which might well have led in a human direction 
Beyond this we cannot go. We cannot say definitely that ari 
known fossil of this age repr^ents foe actual manlike priin^ 
from which man took his origin, | 

The fossil record of Tertiary tropical life is, however, sti! 
comparatively unknown. It is not only possible but extreme!' 
probable that the Asiatic hills will, upon further exploration, giy 
us foe certain knowledge we desire of foe primate ancestors of man 
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■ ^^icAN MANLIKE APES. Highly suggestive are a 
^ape fossils discovered in recent years in South Africa, 
i -^^and Broom). These have been found in limestone 
of Pleistocene age and hence are a bit too late to be 
nstdered as actual, human ancestors. They nevertheless show 
itoes approaching man much more closely than any other 
l«, living or dead. 

First discovered was a skull to which the name AustralopUhecus 
fsouthern ape’ - was given. Part of the braincase had been 
gti but this was rather an advantage than otherwise, for its 
[iioval exposed a cast of much of the brain. The individual 
ts a baby ape, for the stage of eruption of the teeth is that 
rrespQhding to a human child of six or seven. The youth of 
e specimen was an unfortunate feature, for the differences., 
itween a young ape and the human infant are much less 
bvious than differences between the adults. The creature was 
^inly below human standards, for estimates of brain size 
idicate that it was of ape rather than human volume. However, 
le youngster differs markedly from chimpanzees and gorillas 
If similar age. The teeth, particularly, showed many human 
liaWeS' It was hence claimed that Australopithecus was a very 
advanced ape type approaching, although not reaching, the 
human level. 

: This claim appears to be substantiated by later discoveries of 
adult skulls from other quarries in the Transvaal. These differ 
(ji^dy from the first find and hence have been given different. 
aeunjM - Plesianthrapus, Paranthropus ~ but seem to be closel^y , 
felated, at any rate. Although the new maiterials had also been . 
Imaged before their discovery, th^ is enough to enable us 
in restote most of the s^ with confidence, and there is much 
of the jaw and a few other fragments. As was deduced ffom the 
Austrtdopithecus spechmx,. the contours of the adult skulls 
bn, the whole, tdfiiet more like those of ape. than man, and 
face in side view has the concave ape profile, without the 
proj^ing humaii nose bones. On the othw hand, the braih 
capacity has b^ estimated in two specimens at 450 and 650.c.c., 
resp<^Veiy. fbe iatttt figure exceeds the largest capacitj^ 
|et»rded in w known ape. Strpng indications of hiphan 
relationships are ‘foimd in the dentition. In apes tjbe teeth 
arranged e^tlally as if forming three; sto, pf kn ©blona tiip 
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two grinder series parallel to each other and tlR??:*' 
canines forming the angles at the front. In manjR^* 
do not project, and the whole tooth row foimrS j 
^aped curve. In Plesianthropus the tooth row is curvel ie Mb' 
canines ara nearly as small as in man. Further, the dettfind? 
SSrn patterns are quite close to thefe 

As we have said, these 'southern apes 'are probably corit^ 
poraries of the oldest known men and hence canno/be acti 
^rasters. They seem, however, to represent a structuraUh 
just preceding that of man and may well be the conserva^ 
descendants of the immediate human ancestor. 

FROM APE TO MAN 

the great apes and a modem man seei 
hut, as.a matter of fact, the anatomical fea 
whi<± distinguish men from apes are comparatively few B 

featim^ofth’^'^-^'”^ muscle, organ for organ, almost' 
feature of the ape is repeated m the human body. The differw« 

are almost entirely differences in proportions and relations 

parts; the structures are almost identical. 

The differences are related mainly to locomotor habits 
brain growth. Among the higher apes we have seen tn 
towards erect posture and towards terrestrial life ; man alone 
^led out these tendencies to their logical conclusion and 
become a ground-dweUing biped. His arms, not used 5 
swinging from the branches, are comparatively short. It is hip ’ 
improbable that we have descended from forms with as long 
as the gibbon or orang; our arras have, and probably hS 
always had, the more normal proportions of those of the lo ‘ 
primates, while the great apes which have become peimaiK 
tree dwellers have tended to long arms but short legs, 
humra hand, except for its somewhat greater flexibility, is bli 
primitive primate type, while the living gieat apes have tended 
elongate the fingers, except the thumb, for hooking over brand 
A greatOT cUfference between man and other primates Uek 
fte foot. In the great apes, as in primates generally, the fd 
like the hand, is an efficient grasping straoture. But this is' 
awkward affair for ground life, particularly in a biped wh 
the feet must bear the entire weight of the, body. In map. 







Man has gone tar a* a, we trust, may go stui farther ai,ofij 
lines of evolution. But in his every feature -brain, sense oS 
limbs - he is a product of primate evolutionary trends and t 
In his high estate, much to his arboreal ancestry, to tea 
developed by his Tertiary forefathers for life in the trees; ; 




